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STATEMENT OF DISCLAIMER 
Since this project is a result of a class assignment, it has been graded and accepted as fulfillment of the 
course requirements. Acceptance does not imply technical accuracy or reliability. Any use of information 
in this report is done at the risk of the user. These risks may include catastrophic failure of the device or 
infringement of patent or copyright laws. California Polytechnic State University at San Luis Obispo and 
its staff cannot be held liable for any use or misuse of the project. 
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EXECUTIVE SUMMARY 
As a means to provide automated feeding assistance to individuals with physical and/or cognitive 
limitations, the Cal Poly senior project team has developed a device that will not only feed individuals 
with the touch of a switch, but will also provide them with a sense of independence and control.  
Vocational Training Center (VTC) Enterprises has sponsored the project and has staff that manually 
feeds these individuals daily.  This not only requires the labor of multiple staff members, but it also 
creates an environment which may teach learned dependence, in turn leading to lower self-esteem.   
 After completing a detailed background research process, the team generated a final design concept 
and specified parts after conducting proof of concept analysis and testing.  Many considerations were 
considered to produce an ideal final product, including safety, comfort, ease of use, and portability, 
based on requirements set by VTC.  After implementing a variety of manufacturing methods to create 
the final product, extensive testing was used to verify the device’s overall system performance. 
 The final device, called the Dining Assistant, scoops food from a rotating bowl and extends the spoon to 
the user, where the person is then able to eat the food and actuate a switch in order to retrieve their 
next bite.  The main housing of the device is connected to an articulating arm, providing a full range of 
vertical and horizontal adjustment.  This range of adjustment enables any user, regardless of their eating 
position, to comfortably use the device. 
 To document the detailed design of the Dining Assistant, a full description of the device, including 
component selection, cost analysis, safety considerations, etc., has been included in this report.  Also 
included are a detailed design verification plan, a project management plan, and a full set of technical 
drawings.  This will enable any individual to fully understand every design detail of the device, which 
may potentially aid in maintenance procedures, part replacement, and even future duplication of the 
complete product. 
 
 
CHAPTER 1: PROJECT OVERVIEW
Sponsor Background and Needs
Vocational Training Center (VTC) Enterprises 
and/or cognitive limitations to choose and achieve their life goals (see Fig. 1
promoting the dignity and rights of individuals and their families, providing the highest quality service, 
promoting self-esteem and confidence building, and treating
history of working with Cal Poly’s Mechanical Engineering Department to develop assistive technology 
devices that help people with disabilities perform certain tasks more comfortably and efficiently.  The 
company is located in Santa Maria, California, and has been providing services since 1961.
 
Figure 1.1.  VTC staff offer support and assistance to individuals with disabilities.
The users of this device will be individuals at VTC
In addition to issues involving anger, impatience, and inability to reason, users may have extremely 
limited movement associated with their hands, arms, back and neck muscles.  Currently, staff at VTC 
must manually feed individuals daily
must somehow signal the staff person to indicate they are ready for their next bite.  This situation can 
be very frustrating for the individual with the disability, as their perso
replaced by a staff member who has to feed them.  When developing an assistive feeding device, 
team needed to create a device that not only perform
a sense of personal independence. 
 
Figure 1.2.  Individuals with disabilities currently manually fed by VTC staff members.
Formal Problem Definition 
The purpose of this project was to create a device for people with physical and cognitive limitations to 
be able to feed themselves. Since many individuals at VTC must be fed by a staff member, us
subject to feelings of inadequacy. Use of the device will be 
 
 
is a company dedicated to assisting people with 
.1).  They are committed to 
 all with courtesy and respect.  VTC has a 
 
 
 who have a range of cognitive and physical disabilities.  
 (see Fig. 1.2).  In between bites, the individuals with disabilities 
nal independence has been 
s well, but also engages the user and grants them 
 
accompanied by a sense of control, 
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physical 
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ers are 
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something they may be striving for in many aspects of their lives.  Because the user can set his or her 
own eating pace, sense of control will be furthermore enhanced.  With less staff involvement, 
individuals can eat together, encouraging social interaction during meals.  For young children with 
disabilities, using the device will prevent the promotion of learned dependence.  Instead of children 
growing up relying on an assistant for everything, they will instead grow to feel independent, in control, 
and self-directed.  
 
Currently, there are some assistive feeding products available to consumers, but they are either very 
expensive or not fully applicable to the needs of the users at VTC. Some products may embarrass the 
user due to the use of head gear and mouth pieces. For a listing of other products already developed or 
patented, please refer to the Background section in Chapter 2 below. The goal of this project is to create 
a device that will make the user feel completely capable, even though the person must use a machine. 
 
The objective set forth by VTC is that the device should bring a bite-sized portion of food from a bowl to 
within easy reach of the user’s mouth after activation. To do so, the device must be completely 
adjustable and account for varying user heights, many different types of foods, and even different user 
capabilities for inputs. For instance, a large button may be sufficient for some users, but others might 
require a pulling mechanism to turn the machine on.  Food types will range from mashed potatoes and 
yogurt consistencies to other food types such as chopped up sandwiches and pasta.  Many foods will be 
pureed to prevent the risk of choking.  Because of the consistencies of the food and for safety reasons, 
forks and knives will not be used.  Some of the limiting requirements for the device are maximum 
weight, user comfort, the need to interface with multiple types of spoons, and the adjustability needed 
for each user.  A rubber-tipped spoon must also be used, as some individuals may uncontrollably bite 
down on the spoon; the material must absorb this force and not injure the user.  For a full list of 
customer requirements, please refer to Appendix A1. 
          
The primary stakeholders for this project are the users themselves. There are currently several possible 
users, but this number may grow with time once the product starts being used. In addition to the users, 
Tracy Fairchild from VTC is also a stakeholder because she is overseeing the project and making sure 
that the team is meeting the requirements of the users. At Cal Poly, the team has a vested interest in 
the project and needs to design a product that is innovative, of high quality, performs well, and 
demonstrates the team’s proficiency in the mechanical engineering discipline. Mechanical Engineering 
professor Dr. James Widmann is supervising the team efforts along the way. Both he and Cal Poly as a 
whole are stakeholders because each project developed by students reflects Cal Poly’s reputation. 
Objective/Specification Development 
The primary end goal for the project is to come up with the best possible solution to the problem 
presented and develop an easy-to-use product that meets the necessary requirements and 
specifications. Ultimately, all stakeholders should be satisfied with the end result and willing to invest in 
further duplications of the device. Another important goal is that the Cal Poly students learn a great deal 
about engineering design along the way, in order to apply this knowledge to future endeavors. 
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Of course, to meet the goal of complying with necessary requirements and specifications, these needed 
to be defined. A full list of requirements was developed from communication with VTC, and this 
comprehensive list is provided in Appendix A1 of this document. Based on these requirements, the team 
determined how the requirements would be measured, so it could ultimately be verified that they had 
been met. From this, a list of measurable specifications was created, as shown below in Table 1.1. 
 
Table 1.1. Engineering specifications in order of calculated importance, where risks are defined as difficulty in 
meeting the spec. and are quantified as low (L), medium (M), or high (H). Compliance is defined as the method 
of verifying that the specification has been met, and is determined using analysis (A), testing (T), similarity to 
existing designs (S), and/or inspection (I). An asterisk (*) next to the spec. number indicates that it is critical. 
Spec. # Parameter Description 
Requirement or 
Target 
Tolerance Risk Compliance 
1 
The spoon should have a comfortable 
operating speed 
3 in./s Max L A, T 
2* 
There should be multiple input options 
for activating the device 
2 inputs Min M I 
3* 
The spoon should bring the food close 
to the mouth 
Within 1 in. of 
mouth 
Max H A, T 
4* 
There should be no pinch points, shock 
hazards, or sharp edges on the device 
  H I 
5* 
The device should be adjustable, to 
cover a wide range of heights 
1 ft adjustability 
between low and 
high point 
± 6 in. L A, I 
6 
The setup and cleaning of the device 
should be quick 
5 minutes Max M T 
7* 
The components that contact food 
must be waterproof 
10 minutes 
underwater with 
no leaks 
Min H A, T 
8 
The device must be able to withstand 
an impact test 
Multiple impacts 
with no significant 
repairs needed 
Min H T, I 
9* 
All materials coming in contact with 
food must be FDA approved 
  M A 
10 There must be no flickering lights   L I 
11* 
The device must be able to hold 
multiple types of spoons 
2 spoons Min M A, T 
12 
Utensils must be easy to remove from 
the device 
1 minute Max M T 
13 
The device must fit within a single 
place setting 
2.5 ft x 2.5 ft Max M A, I 
14 The device must be lightweight 25 lbs Max L T 
15 
Components within a user’s reach 
should be tamper-proof 
  L T, I 
16 
The device must be able to serve the 
three primary food consistencies: 
sandwiches, fluid consistency, sticky 
consistency 
Sandwich bites, 
applesauce, and 
mashed potatoes 
Min H T 
17 
The device must be able to support 
force on spoon 
2 lbf Min M T, I 
Page 8 of 134 
18 
There must be a low number of parts 
and tools 
100 parts Max M A, I 
19 The device must be quiet for the user 
70 dB within 2 ft 
of device 
Max M T 
20 
The durability and life must allow for 
limited maintenance intervals 
1 month between 
repairs 
Min L A 
21 Maintenance must be inexpensive 
$50 per 
maintenance 
interval 
Max M T 
22 
The device must have efficient power 
consumption 
1 hour battery run 
time 
Min H A, T 
 
Once the requirements and specifications were defined, the team used Quality Function Deployment 
(QFD) to verify that all requirements were fully being measured by at least one specification. To do this, 
the House of Quality chart was used. This chart can be viewed in Appendix A2 at the end of this 
document. 
 
The first step on the chart was to fill in the customer requirements in the rows along the left side. Once 
all requirements were listed, the team had to rank the requirements by their importance relative to 
each other. After each requirement had a ranking, the design specifications were typed into the columns 
along the top of the chart. The next step was to correlate the requirements and specifications, based on 
whether there was a weak, moderate, or strong relationship between the two. Based on this, the chart 
computed a value for the importance of each specification. These values were used to put the above 
specifications in order by their calculated value. From the correlations and weighted values of the 
requirements, the appropriate weights of the specifications were calculated. Table 1.1 above shows the 
specifications in the order or weight, as determined by the House of Quality. 
 
Based on the QFD process, a few things became evident to the team. First, in ranking the importance of 
requirements, the team determined that safety and user comfort were the most important 
requirements to be met. Similarly, the cost was clearly unimportant and low priority. It was also 
determined that the user’s comfort far outweighed the comfort and convenience of the staff members, 
for instance the need for the device to be easy to clean. Overall, the correlations showed that all 
requirements have corresponding specifications and can therefore be tested once a device is created. 
 
Project Management 
Throughout the project, a structured management plan was followed. The Gantt chart provided in 
Appendix A4 shows an outline of which steps were followed and how long each task took. This 
breakdown of tasks was developed using a basic flow chart of a typical design process, which outlined 
the steps leading up to typical design reviews, as well as the tasks needed to complete a prototype. 
Following those guidelines, the team was able to complete the project on time with few delays along the 
way. 
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The team worked well together, breaking up tasks into the following categories: 
• John was the overall leader of the group, overseeing manufacturing and the fabrication of the 
prototype, as well as organizing the gathering of relevant information; he also was a primary 
contributor of initial design concepts, leading to the final design 
• Pavel acted as the drawing specialist, creating many SolidWorks parts and the drawings to 
accompany them; he also coordinated team activities to maintain cohesion in the team, as well 
as taking the lead on the electronics 
• Stephanie managed documentation and kept the team on track for deadlines, in addition to 
acting as the primary liaison with VTC; she also developed many parts in SolidWorks and 
oversaw testing of the device 
During the duration of the project, many milestones were reached, and though they are provided in the 
Gantt chart, they are also provided below in Table 1.2. 
Table 1.2. Milestones reached throughout the process of developing the product. 
Date Milestone Reached 
9/28/10 Initial Email to VTC 
10/1/10 Initial Onsite Visit to VTC 
10/19/10 Project Proposal to VTC 
12/3/10 Conceptual Design Report to VTC 
12/7/10 Conceptual Design Review 
2/2/11 Critical Design Review 
2/4/11 Final Design Report to VTC 
3/8/11 Manufacturing and Test Review 
4/1/11 Update Memo to VTC 
5/10/11 Hardware Demo 
5/19-24/11 On-site testing at VTC 
6/2/11 Senior Project Design Expo XII 
6/3/11 Final Project Report to VTC 
 
In addition to formal milestones reached throughout the process, the team also had regular interaction 
with VTC. Besides weekly teleconferences during the design phase of the project, the team also visited 
the facility several times outside of scheduled design reviews. This allowed the team to keep VTC fully in 
the loop, allowing them to provide more candid feedback than at a formal meeting. VTC was included in 
all stages, from conceptual designs to the final product. VTC even chose Dining Assistant as the final 
device name. Rather than the team simply handing the device over at the end, the team loaned the 
working prototype to VTC for several days to allow more in-depth testing with actual future users while 
there was still time to make changes. With so much involvement from VTC, the team was able to make 
sure that the device was exactly what they wanted and what would work for their users. 
Page 10 of 134 
CHAPTER 2: BACKGROUND 
To help generate ideas and discover assistive feeding devices that were already on the market, the team 
researched existing products and conducted an extensive patent search. Although numerous patents 
have been published, only a limited number of existing products were found to be available to 
consumers. Most assistive feeding products were found to be designed for individuals that did not have 
severe physical or mental disabilities. These products were adapted forms of cups, spoons, forks, bowls, 
etc., and did not cater to individuals with more severe limitations. 
 
Existing Products 
My Spoon 
After researching products that are currently available to the consumer, the most widely advertised and 
used product was found to be the My Spoon, which can be used with almost all types of everyday foods 
(see Fig. 2.1). The product allows the user to pick an individual food compartment, pick an item, and 
then grasp and carry the item to within reach of their mouth. For individuals who can use arm and hand 
muscles efficiently, the My Spoon can be put into manual mode, and is controlled by a joystick. For users 
with more severe physical disabilities, the device can be set to a fully automatic mode, in which the 
robot feeds the user autonomously. The user is required to move his or her head forward toward the 
food in order to eat.  This device is available for approximately $3,500.  For the purposes of this project, 
the My Spoon would only be practical to use in fully automatic mode.  In all other modes, the user must 
use fine motor skills to operate a joy stick.  Many of the VTC individuals do not have these fine motor 
skills.  The device does employ smooth motions, is quiet, and works with a wide variety of foods.  For 
this project, it would be preferable to avoid complex computer-controlled systems.  The team observed 
the scooping action of the My Spoon device and the path the spoon takes while bringing the food to the 
user’s mouth, which seemed useful to possibly incorporate into the final device.  The team also noticed 
that the spoon had compliance when the user ate from the spoon, offering comfort due to the fact that 
the spoon was not too rigid. 
 
 
Figure 2.1. The My Spoon assistive feeding device. (www.secom.co.jp/english/myspoon) 
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Mealtime Partner 
The Mealtime Partner is another device currently available to the public (see Fig. 2.2).  The device 
advertises many advantages, including user independence, the opportunity to select foods, control of 
eating pace, and reliable operation.  Because the user can choose to stop and pause in between bites, 
there is also increased capacity for social interaction during a meal.  One key design element is that the 
device controls the amount of food on the spoon, giving the user flexibility to control bite size.  This 
device is computer-controlled, making the electronic portion of the design more complex. However, 
many elements of the device seem very practical and noteworthy for the project design.  This device is 
available for approximately $8,000.   
 
 
Figure 2.2.  The Mealtime Partner assistive dining system. (www.mealtimepartners.com/index.html) 
The Mealtime Partner is fully adjustable and remains stable with its multi-position clamping system (see 
Fig. 2.3).  The table clamp is very similar to ideas that the team originally had, as it is simplistic, easily 
adjusted by staff members, safe, and very effective.  The adjustable arm is also similar to the team’s 
original idea, as it offers unlimited adjustment and locks with the turn of only one lever.  The arm offers 
rotational adjustment as well as horizontal and vertical adjustment, and all adjustments can be made 
simultaneously.  Another valuable aspect of the Mealtime Partner is that it is not too rigid; if the user 
pushes on the device or accidently falls forward, the product will simply rotate away.  This safety feature 
is practical and simple, and also prevents damage to the device.  
 
Figure 2.3.  The Mealtime Partner adjustable mounting system. (www.mealtimepartners.com/index.html) 
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Winsford Feeder 
The Winsford Feeder uses a mechanical pushing device to fill a spoon on a pivoting arm and raises the 
spoon to the height of the user’s mouth (see Fig. 2.4). The rotation of the plate places more food in front 
of the pusher. The device can be controlled by either a chin switch or a standard button. If the switch is 
simply held down, the product will continuously feed the user.  The feeder operates on a 6-volt 
rechargeable battery or standard 110-volt wall outlet, and includes a carrying case for easy 
transportation.  The feeder is relatively compact, with an 18” x 12” footprint.  This device is available for 
approximately $3,900.  The team noted many features associated with this device, including the rotation 
of the plate and the pushing feature that helps guide food onto the spoon.  It is not preferred however, 
that the product continuously feeds when the button is held down, as one of the project goals is to have 
the user stay involved throughout the meal.  The team therefore preferred that the user initiates each 
feeding cycle to help promote the sense of personal control and independence. 
 
Figure 2.4.  The Winsford Feeder assistive device. (www.pattersonmedical.com/app.aspx?cmd=get_product&id=44242) 
Beeson Feeder 
Another adaptive feeding device available for consumers is the Beeson Feeder, which is driven by an 
electric motor that the user activates with two pneumatic switches (see Fig. 2.5). One switch controls 
one-way rotation of the food filled plate, while the other operates the scooping action of the spoon. 
Once the spoon scoops the food and brings it to the user’s mouth, the spoon stays stationary until the 
next cycle is activated.  This device would not be ideal for VTC users because it requires fine motor skills 
to touch a small button, and the button must be activated at least twice for each eating cycle.  This 
device does however employ a very simple overall design, and is compact in size. 
 
 
Figure 2.5. The Beeson Feeder. (Hermann, Phalangas, Mahoney, Alexander, 
“Powered Feeding Devices: An Evaluation of Three Models”) 
  
Handy 1 Feeder 
The Handy 1 Feeder is another product on the market that uses a scanning light source to illuminate 
certain sections of a rectangular plate (see Fig. 
the user presses a switch to activate a spoon to scoop up food in that column. This roboti
computer-controlled and completely height adjus
not as portable as desired.  The team did note that
easy to manufacture. 
Figure 2.6. The Handy 1 Feeder. (Hermann,
“Powered Feeding Device
The Magpie 
The Magpie, designed and built at the Nuffield Orthopedic Center in Oxford, England, is a 
uses ankle, knee and thigh movements to drive a set of cables, which control a spoon attached to an 
arm (see Fig. 2.7). The device is very simple in design, as it is fully mechanical and does not contain any 
electronic components. 
Figure 
(www.eng.buffalo.edu/mechatronics/publications/book/KroviKumar_AssistiveDevice.pd
 
  
2.6). Once the light illuminates a desired column of food
table.  For the purposes of the project, 
 the height adjustment feature seems very simple and 
 
 Phalangas, Mahoney, Alexander, 
s: An Evaluation of Three Models”) 
 
2.7. The Magpie assistive feeding device. 
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University Designed Mouth-Controlled Feeding Device
Students from Cooper Union, New Jersey Institute of Technology, Ohio State University, and the 
University of Pennsylvania designed a feeding device that is mouth controlled (see Fig. 
individual uses his or her mouth to both rotate the plate of food and control the movements of the 
spoon. This device is also fully mechanical and has very few components.  Although the mouth 
controlled design is effective, a push button switch or similar devic
users. 
 
Figure 2.8. Mouth-controlled feeding device designed by students from Cooper Union, New Jersey
Institute of Technology, Ohio State University, and the University of Pennsylvania. 
(www.eng.buffalo.edu/mechatronics
Existing Prototype 
Saginaw Valley State University, Michigan
Another existing product was created by engineering students at Saginaw Valley State University, 
Michigan (see Fig. 2.9). The feeding device is 
that scoops food from a plate and slowly brings it toward the user’s mouth. The spoon then stops at a 
comfortable distance where the user can reach the food. According to one user’s occupational thera
the device has the potential to help the user with about 75% of all meal time tasks. The group of 
engineering students built the prototype for $1,200 and believes that with further research and work 
they could lower production costs to $900. The devi
runs on either a standard 110-volt source or battery. The product does however have a large number of 
parts, many of which are electronic components. This does effectively add to the device’s overall 
complexity and cost.  After interviewing Michael Woodley, one of the designers of the product, it was 
agreed that the product was far too complex.  His recommendation was to radically simplify the design.  
It was also mentioned that the spoon was spring loade
while the user ate food from the spoon. Woodley also commented about advantages of using the 
feeder, mentioning that “the device allows for much more independence at meals.”
 
 
e would be more applicable to VTC 
 
/publications/book/KroviKumar_AssistiveDevice.pdf)
 
actuated by a protruding lever, which activates a spoon 
ce is also very lightweight and portable, quiet, and 
d to offer flexibility, compliance, and comfort 
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2.8). The 
 
 
pist, 
Figure 2.9. Prototype of assistive feeder created by engineering students at Saginaw Valley State University. 
(www.machinedesign.com/article/a
Patented Products 
Head-Controlled Devices 
Head Wand Feeding Device 
Patent research revealed a number of 
a device that was entirely controlled by the movement of the user’s head and neck (see Fig. 
device is operated by an electric motor, which actuates a spoon attached to a mechani
wand attached to a headband is securely fastened to the user’s head and is used as the method of 
actuation. The wand also has an attachment that allows the user to move their food into the path of the 
spoon.  This device also has potential t
fine motor skills. 
 
Figure 2.10. Head-controlled feeding device.
  
-feeding-machine-for-disabled-kids-0120) 
self-feeding devices for people with disabilities, one of which was 
o embarrass the user due to the head mount, and does require 
 
  Head Wand is used to guide food into spoon. (U.S. P/N 3734306)
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2.10). The 
cal linkage. A 
 
University of Pennsylvania Assistive
A feeding device designed at the University of Pennsylvania uses head and neck movements to control 
spoon movement (see Fig. 2.11). The mechanism is driven by cables, and is completely mechanical. It 
can be used to scoop food with any approach angle and bring the f
their head forward.  A main concern with this design is that it has strong potential to embarrass the 
user.  The device mounts to the user’s head and still does require fine motor skills. 
Figure 2.11. A fully mechanical, cable driven 
(www.eng.buffalo.edu/mechatronics/publications/book/KroviKumar_AssistiveDevice.pdf)
Turntable and Head-Controlled Feeding Device
The patented turntable design is another idea des
(see Fig. 2.12). The rotating plate can carry one or more food dishes. To select a food dish, the turntable 
is rotated until the selected dish is brought into alignment with the spoon. This is accom
by neck and head actions, with minimal movement also needed from the upper torso. A scraping utensil 
attached to the user’s head is used to move the food onto a spoon.  This could easily embarrass the 
user.   The system is completely heigh
offering a low part count, and seemingly low production costs.  
 
Figure 2.12. Head-controlled feeding device.
 Feeding Device 
ood to the user’s mouth as they pitch 
 
feeding device designed at the University of Pennsylvania. 
 
igned for individuals with little or no use of their arms 
t adjustable, includes a cup holder, and is very simplistic in design, 
 
 
 After turntable is used to select desired food, head mounted linkage pu
food into spoon. (U.S. P/N 4398857) 
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Mouth-Controlled Devices 
Mouth-Controlled 5-Option Feeding Device 
The patented mouth-controlled rotating dish system consists of different types of dishes, each 
individually designed for various types of foods (see Fig. 2.13). This allows the user to eat a wider variety 
of foods, including soups, ice cream, and sandwiches. Other key features include a napkin holder and a 
screw axis, which allows the product to be adjusted vertically.  The screw axis is an extremely simple 
way to position the device, and seems to be lightweight and compact. 
 
 
 
 
 
 
 
Figure 2.13. Mouth controlled rotating plate feeding system.  Each of the five food holders is specifically designed for certain 
types of food. (U.S. P/N 3228536) 
 
Mouth-Controlled Feeding Device with Mouth Piece 
For people with very limited or no use of their arms, a patented device has been designed for the user to 
control the movement of the spoon with a mouthpiece (see Fig. 2.14). Once the user places the 
mouthpiece securely into his or her mouth, they can effectively use their mouth, head and neck muscles 
to scoop up food and position the spoon to a desired height. They then are able to remove the 
mouthpiece and eat food from the spoon. Additional features include a counterbalanced spoon and fully 
supported plate, which aids in the overall stability of the product.  The mouth control is not applicable 
for this project’s requirements; however the simplistic design of the mechanical linkage is an appealing 
design characteristic. 
 
 
 
Figure 2.14. Mouth controlled feeding device.  Spoon linkage is entirely controlled by a mouthpiece, requiring the user to use 
head and neck muscles to articulate the spoon. (U.S. P/N 3885681) 
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Mouth-Controlled Feeding Device with Drink and Multiple Foods 
Another patented invention designed for individuals having limited or no use of their arms and hands 
allows the user to use different utensils for different food types (see Fig. 2.15). This device is height 
adjustable, fully mechanical, and is operated by a mouthpiece worn by the user.  Although the 
mouthpiece portion of this device is not applicable for this project, the team did take note of the 
simplistic, easy to manufacture mechanical linkage. 
 
 
 
Figure 2.15. Mouth controlled feeding device, with individual components designed specifically for different food types. (U.S. 
P/N 4218167) 
Other Noteworthy Patented Products 
Chin-Activated Assistive Feeding Device 
Another patented rotating plate invention is directed towards people who can move their head, but not 
necessarily their arms and feet (see Fig. 2.16). A chin switch, requiring minimal coordination by the 
operator, actuates an automatic pushing mechanism, which pushes food onto a spoon that can be 
raised and lowered. Rotation of the plate is also actuated by a chin switch. This device features a scissor-
lift height adjustment system.  This device is very similar to the team’s final chosen design, as the plate 
rotates while a pusher helps guide food onto the spoon, which is controlled by a simple mechanical 
linkage. 
 
 
Figure 2.16. Feeding device which uses chin actuation to electronically signal each feeding cycle.  A scissor lift has been 
implemented for vertical height adjustment. (U.S. P/N 4277213) 
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Scissor-Lift Assistive Feeding Device 
Another patented self-feeding device includes a height adjustment mechanism, and is designed to be 
collapsible and lightweight, making it portable and easy to set up (see Fig. 2.17). The main design 
characteristic is a scissor-lift system, which is easily adjustable.  The scissor-lift system seems simple, 
effective, and easy to adjust, but height adjustment may be done using more lightweight designs.  To aid 
users who have lack of muscle control or coordination, the product also supports the user’s feeding arm 
while they eat. The product is however designed for individuals who have only minor disabilities. 
 
 
Figure 2.17. Scissor-lift feeding device.  This product supports the user’s arm while they eat. (U.S. P/N 6427607) 
Self-Leveling Spoon 
A self-leveling spoon has also been patented, as a way to help individuals with restricted fine motor 
skills (see Fig. 2.18). The spoon is relatively simplistic in design, with a counterweight that enables the 
surface of the spoon to remain level over two degrees of rotational freedom. The spoon may also be 
strapped to the user’s hand for increased support while eating.  The team considered implementing a 
similar design, as it would prevent spills as the spoon travels along a complex path. 
 
 
 
 
 
 
 
 
 
Figure 2.18. Self-leveling spoon, designed to prevent spills while eating. (U.S. P/N 5630276) 
Applicable Standards 
Since all of the products are being used to feed the user, the materials used in design must be approved 
by the U.S. Food and Drug Administration (FDA) as a measure to protect the user from any health issues. 
The FDA refers to these materials as “food contact substances,” as they come into contact with both the 
food and the user’s mouth, and must therefore be completely non-toxic.  Parts that will not be 
accessible by the user, such as internal motors, brackets, bearings, electronic components, etc. do not 
need to comply with FDA requirements.    
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CHAPTER 3: DESIGN DEVELOPMENT 
At the beginning of the process, VTC Enterprises initiated the project by establishing the need. From 
there, the team was formed. Early on, the team worked on understanding the problem, defining 
requirements, looking into existing concepts and products, and planning for the overall project. 
 
Following this initial research, the team evaluated the concepts found through patent and product 
searches and brainstormed possible solutions. The team chose some plausible ideas and developed 
some mock-ups to determine their feasibility. The team visited VTC to discuss the design direction and 
came up with a single concept with which to move forward. The sections below detail the process of 
taking many top ideas and narrowing them down to a single selection. The chosen design will be 
described in detail as well. For a comprehensive list of alternative ideas considered that were rejected 
due to lack of meeting requirements, please see Appendix A3. 
 
Discussion of Conceptual Designs 
Since the beginning of the project, the team has been generating ideas, from features to overall designs. 
As soon as the requirements and specifications were clarified with VTC, the team met for a few 
brainstorming sessions, during which a range of ideas were offered as possibilities. Over time, it became 
clear that some ideas were worth pursuing, while others didn’t meet the engineering specifications and 
customer requirements. Below are the primary designs that were considered. 
 
Concept 1: Insulated Cylinder with Internal Paddle Wheel and Plunger 
One of the early designs was a paddle wheel inside of a cylinder, with a plunger to push the food down 
through the cylinder. The plunger would incrementally be pushed into the cylinder by a cam and 
ratcheting mechanism. There were many benefits of this design, such as the cylinder keeping the food 
insulated to keep it at the appropriate temperature. Also, the paddle wheel would be set up so that 
each rotation would only allow one bite size to fall onto the spoon. In addition, the plunger at the top 
would push the food slowly down so that no food could stick inside the cylinder. In order to clean, the 
parts would be easily removable. For loose food like corn or other chopped vegetables, gravity would be 
of great assistance. Figure 3.1 below shows one step in the design, even though some improvements 
were made to the original idea. The figure also shows the concept model the team made to determine 
the idea’s feasibility. 
 
This design met many requirements, as it was easy to clean, portable, and lightweight. The device would 
also be very simple and durable. The flaw was that it didn’t resemble normal eating patterns. VTC 
requested a product that would have the food on a plate or in a bowl, rather than stored away where 
the user couldn’t see it. However, from an engineering standpoint, the design seemed to meet all 
specifications. 
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(a)   (b)  
Figure 3.1. (a) Sketch of a cylinder with a rotating paddle wheel inside, which would serve bite-sized portions directly onto a 
spoon below. (b) Concept model of cylinder idea, showing cams, cylinders, and an opening at the bottom for food delivery. 
Concept 2: Food Cassette with Plunger 
Another early concept was the idea of a food cassette. A grid device would be used, with sharp edges on 
the bottom to slice the food into bite-sized portions. The grid would then be pushed along a path, 
dropping one bite at a time down onto the spoon. To assist the drop, a small plunger would be placed 
over the hole in the bottom, and it would push the food in that particular section each time a new bite 
arrived. 
This design seemed reasonable because it would make the staff’s job easier. They would just need to 
serve the food in one large heap onto the plate, and they could push the grid onto the top. The 
mechanism would do the rest of the work. This too would be portable, lightweight, and easy to operate. 
However, the downsides outweighed the advantages. The individual bites would likely cause 
temperature variations, making the food less appetizing. Also, the sharp bottom edges would pose a 
safety risk if the mechanism was tampered with. The device would likely be difficult to manufacture, due 
to complex part geometry. Similarly to the cylinder, this concept lacked visual appeal, as the eating 
surface wouldn’t look like a typical plate. Figure 3.2 below shows two progressions of the idea, along 
with a photo of the concept model developed. 
 
 
 
  
(a)
(b)
Figure 3.2. (a) Sketch of the food cassette design, where food is divided into bite
through the bottom, following the indicated
design, showing the device on a scissor lift, along with an implemented linear actuator (c) A concept model developed to 
Concept 3: Washboard Plate 
Once it was clear that the goal was to have the food look li
started working in a different direction. One of the first ideas developed was the washboard plate. For 
this idea, there would be slots covering the entire plate in a rotational pattern. Every place on the plat
would either be a slot or a wall between slots. The food could be heaped on top and spread into the 
various sections, making setup easy. The spoon would then scoop one section at a time, retrieving a 
single bite from each groove. Switch
corresponding to the next slot in the plate. The spoon would pick up the next bite.
The best feature of this design was the simplicity. The bite size would be determined by the geometry of 
the slots. The difficulty would be in making sure that there was an appropriate amount of food placed in 
each slot. Another problem was that the plate would have to be specially manufactured just for this 
application, and that would make it less repairable or replaceable.
that it introduced the idea of actually 
This allowed for varying spoon sizes to be used. Figure 
 
   (c) 
-sized portions and pushed by a plunger 
 cassette path, likely driven with a linear actuator (b) A progres
determine the design’s feasibility. 
ke it was on a normal plate or bowl, the team 
 activation from the user would rotate the plate by a set increment, 
 
 One advantage of this design was 
scooping the food, rather than having a bite drop onto the spoon. 
3.3 below shows a sketch of the concept.
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sion of the 
e 
 
Figure 3.3. A sketch of the washboard plate design, showing that all portions are ultimately scooped up, based on a 
rotational pattern. The scallops at the bottom illustrate the vertical geometry of the slots.
Concept 4: Plate with Wipers Guiding Toward Central Slot
Another concept developed was the idea of a plate with wipers. The team was told that most of the 
food was either pureed or like mashed potatoes. With this in mind, it seemed like food may stick to the 
plate or bowl, requiring the plate to rotate for the spoon t
spoon would continually scoop from the same spot, and there would be small wiper blades to keep 
pushing food into that spot. To avoid excess food in the path of the spoon, the wipers would be very 
thin and just push under the food to gently guide it.
The benefits of this were that it made the device extremely simple. There was no rotation, and the only 
motions were wipers and the spoon. However, the wipers seemed like a hazard. Not only would it be 
difficult to tell how well they would function, but they could possibly break if the food consistency was 
too thick, or the users might want to tamper with them, introducing a safety risk. Another issue was the 
size of the bite. With food constantly being pushed toward
with no way to control it. Figure 3.4
Figure 3.4. Sketch of the wiper blade idea, illustrating the moving wipers and the spoon
are two sides of the plate to introduce meal variety.
 
 
o access all of the food. With this idea, the 
 
 the slot, there could be rather large bites 
 below shows the initial concept sketch. 
 
-width trough. In this variation, there 
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Concept 5: Stationary Wall on Rotating Plate
This idea was one of the simplest ideas developed. The plate would rotate slowly, while a wall would 
keep the food from continuing with the plate. The spoon
the plate out toward the edge. The wall would have the curvature of the spoon so that, combined with 
the slot, the entire path the spoon followed would conform to the shape of the spoon.
The upside of this design is its simplicity.  Essentially any plate could be used, and there would just be a 
wall that suspended over it slightly. The plate could rest on a turntable and would continuously rotate at 
a very slow speed. However, this design did not offer as much
seemed like it was likely to be less effective at controlling bite size. Figure 
sketches of the idea. 
(a)
(b)
Figure 3.5. (a) Sketch of the top view of the stationary wall design, show
spoon and curved wall relative to the plate
Concept 6: Spoon with Attached Wipers to Clamp
This idea was inspired by the My Spoon
push the food onto the spoon. The spoon could follow any appropriate path to ultimately retrieve all 
food from the plate. This design feature could be combined with other ideas for rotation, plate shape, 
etc. In order for the idea to work, the blades would need to be slightly out of the path of the spoon 
initially, and then they would push food inward toward the spoon. They would stay put until the food 
was brought to the eating position, where they would then retract to
with them. 
 
 would scoop along the wall, from the center of 
 flexibility as some of the others, and it 
3.5 below shows a few 
 
 
(c)
ing the wall and rotation (b) Front view, showing the 
 (c) Close-up of the spoon and wall geometry
 
 (refer to the Background section above), implementing wipers to 
 avoid the user coming in contact 
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. 
One notable aspect of this idea is that it eliminates the complexity of the plate. A normal plate could be 
used. However, the downsides to this idea were far more substantial. Of course the wipers could be 
modified to adequately scoop the food onto the spoon, but the bite size would still be highly variable. 
Also, this would require special attachments for every single spoon used. Another issue is user 
friendliness; if the blades are attached directly to the spoo
retract, but just rotate away during eating. In addition, this design would likely be harder to clean than 
the alternatives, and the geometry would probably be difficult to manufacture. Figure 
the initial concept. 
Figure 3.6. Sketch of a spoon with attached wipers to guide the food onto the spoon and hold it in place
Concept 7: Partitioned Plate 
The concept of the partitioned plate was an early design that had food on a semi
multiple compartments for different foods. The entire portion of each type of food would be served into 
the slots, and the spoon would retrieve the food from one compartment at a time. The idea was that the 
users would be able to switch foods at will, givin
variations of the idea were considered, including a horizontal plunger to progress the food slowly to the 
outer edge where the food would then drop through a hole onto a spoon. Another variation had the 
spoon actually scooping the food continuously from the slots.
One beneficial design feature is that the user has the ability to switch foods in the middle of the meal, 
offering the individual a feeling of independence. However, the look of the device would likel
inspire an appetite, as it wouldn’t look like a typical plate. Also, with the plungers and slots, it would be 
rather difficult to manufacture. It would probably be difficult to clean, and bite size would be an issue 
with different spoons since the ho
along with two concept models developed to illustrate the design. 
n, it may be unsafe to not have them fully 
 
-
g them more control over their meals. Multiple 
 
le would be a single size. Figure 3.7 below shows the general idea, 
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typical plate, with 
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(a)  
(b)     (c)  
Figure 3.7. (a) Sketch of the general partitioned plate idea, with separate compartments for multiple foods (b) Concept 
model of a rotating spoon idea, scooping the food out of the slots, then rotating (c) Concept model of an alternate variation 
with plungers and a hole to drop the food onto the spoon. 
Concept 8: Banana Bowl (Variation: With Sandwich Slide) 
Once it started to seem like a good idea to actually scoop the food, rather than just dropping it onto the 
spoon, the idea developed of using a long and narrow bowl, similar to the shape of a banana. The food 
would be contained in approximately the shape of the scooping, so the plate wouldn’t need to rotate, 
and gravity would generally make sure the food stayed in the center of the bowl to be scooped. Multiple 
variations of the idea were developed, one of which included a slide for slices of sandwich to be 
delivered into the bowl. 
 
The upside of this idea was its simplicity relative to the others. If the bowl is already the shape of the 
spoon path, there would be no need for wipers, rotation, or other complex motions. However, the bowl 
posed a few issues that were better addressed by other concepts. For instance, it was determined that 
gravity probably couldn’t keep all types of food at the bottom of the bowl, since some foods like mashed 
potatoes would just stick to their original spot in the bowl. In other words, not all food would be 
retrieved. Another design issue was bite size. To keep the spoon path consistent, it would need to scoop 
all the way to the bottom of the bowl so that there is always food on the spoon, even when not much is 
left at the end. This means that there would be very large bites when more food was present in the 
bowl. One option was to implement a guard to knock off excess food. Figure 3.8 below shows two 
sketches of the banana bowl idea. 
 (a)
Figure 3.8. (a) Sketch of the original banana bowl concept, with the spoon patch drawn in t
(b) Sketch of the variation of banana bowl with a sandwich slide.
Concept 9: Rotating Bowl with Criss
This simple concept involves a spoon whi
incrementally so that the spoon follows a criss
180 degrees, all portions on the plate would be scooped. An exact increment would need 
determined for the appropriate bite size.
The benefit of this design is that it would work with any spherical bowl, as long as the spoon path was 
set up appropriately. Also, it would guarantee that there would always be food on the spoon. Whether 
the consistency is sticky or runny, there should always be food in the path of the spoon. A guard could 
be added to prevent excess food on the spoon. Figure 
views. 
(a)
Figure 3.9. (a) Sketch of the top view, showing the path of the spoon across the plate or bowl, along with the rotation that 
allows the spoon to cover all parts of the plate (b) Sketch of a bowl used, with the spoon rotating around a pivot point and 
continuously scooping along the profile of 
Concept 10: Rotating Bowl with Stationary Spoon
The last top idea developed was the concept of having a stationary spoon facing down vertically with a 
bowl spinning under it. Based on testing, it was determined that this concept would work if the
was not completely vertical but at an angle. This idea would reduce complexity by only having one 
rotating part, but then it also would require the spoon to lift the portion out of the bowl and bring it to 
the user. 
The obvious benefit is the simpli
complicated. Not only would there be a large risk of losing the entire portion of food when lifting the 
spoon out of the bowl, but the spoon would also have to go from being nearly vertical to b
 (b) 
o illustrate how it would scoop
 
-Cross Scooping Pattern 
ch scoops across the length of the bowl. Then the bowl rotates 
-cross pattern during the meal. Once the plate has rotated 
 
3.9 below shows the concept from top and side 
   (b)
the bowl. 
 
city of the retrieval, but the movement of the spoon would be 
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to be 
 
 spoon 
eing 
completely horizontal. This would require complex linkage, likely hindering the visual appeal of the 
device. In addition, it wasn’t certain whether the method would work with every type of food. Figure 
3.10 below shows a sketch of the concept.
Figure 3.10. Sketch of stationary spoon idea, showing
Concept Selection 
With many ideas to choose from, it was important to have a systematic way of narrowing down ideas. 
Initially, the team built concept model
to develop more ideas. At this point the ideas were presented to VTC and it was established that the 
direction the team was heading did not satisfy the intent of the project, which was to h
look as realistic as possible, and for the spoon path to somewhat imitate regular eating patterns.
 
Figure 3.11. Concept models created to illustrate existing concepts and develop new ideas.
 
 
 
 the spoon staying positioned with a rotating bowl.
s (shown below in Fig. 3.11) to determine feasibility of ideas and 
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ave the plates 
 
 
Moving forward, the team generated more ideas a
eliminating some impractical solutions, top concepts 3
section above) were compared in a Pugh Matrix (see Table 
not to determine the best concept, but to evaluate the differences in the various concepts. However, it 
became clear that many ideas would not satisfy the necessary criteria, while others were highly 
favorable. The categories that had the most variance among ideas we
duplication. Based on the results, the criss
the most favorable ideas. 
Table 3.1. Pugh Matrix to analyze the differences between the various ideas considered, all co
the washboard plate (datum). 
    Concept 
Concept 
3 
Concept 
4 
 
Criteria 
 
Robust D - 
Safe  - 
Simple A - 
Easy to 
clean 
 - 
Easy to 
duplicate 
T - 
Easily 
repairable 
 - 
Σ + U 0 
Σ -  6 
Σ S M 0 
 
To choose between the top ideas, the team held a food testing night. The team practiced scooping 
different consistencies of foods and determined that the criss
the stationary spoon was less effective. During food testing, the team also discovered approximate 
angles of food delivery and other useful information for the design.
 
At this point the team met with VTC to discuss the design direction and make su
Upon sponsor approval, the team moved forward with more specific design decisions. Features were 
modified, and most of the design was specified. A series of decision matrices were used to determine 
the best way to approach various features, such as activation, clamping, adjustability, and spoon motion 
control. 
 
For activation, the main consideration was the abilities of the particular users. Some users are unable to 
move the muscles needed for particular types of activation. For this
incorporate at least two different input options. Based on user comfort and ease of use, the team chose 
nd came up with many new possibilities. After 
-10 (described in the Top Concepts Developed 
3.1). The objective of the Pugh Matrix was 
re simplicity and the ease of 
-cross (concept 9) and the stationary spoon (concept 10) were 
Concept 
5 
Concept 
6 
Concept 
7 
Concept 
8 
Concept 
9
   
+ - - - +
S - S - S
- - S - +
+ - S + +
+ - - - +
- - - - S
3 0 0 1 4
2 6 3 5 0
1 0 3 0 2
-cross design was highly effective
 
re it was satisfactory. 
 reason, VTC asked the team to 
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mpared against 
 
Concept 
10 
 
 + 
 S 
 + 
 + 
 + 
 S 
 4 
 0 
 2 
, while 
to implement a handheld button, a table mounted button, and a pull switch. The decision matrix in 
Table 3.2 below illustrates that these three were superior to the alternative options. Using these three 
input options covers a range of abilities and should allow all users to control the device.
 
Table 3.2. Decision matrix to determine the most appropriate activation methods f
The next important consideration was how to position the device close to the user. Multiple options 
were considered (see Table 3.3), but adjustability, reliability, and ease of use were the primary 
requirements used to determine the best op
it was eliminated. Ultimately the parallel link system was chosen because of its ability to be adjusted 
using only one lever, and its capability to keep the device level, no matter where the ar
 
Table 3.3. Decision matrix to determine the best way to the position the device relative to the user.
or the users.
tion. The scissor lift was determined to be less favorable, so 
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m is positioned. 
 
 
The next issue to address was how to mount the arm to the table for maximum support. For this, the 
holding power, ease of use, and pot
the decision matrix (see Table 3.4), the c
off-the-shelf, making manufacturing relatively simple. The only modification needed wil
hole in the top for the arm to attach.
 
Table 3.4. Decision matrix to determine the best clamping mechanism to attach the arm to the table.
The last main decision the team made was about the method of controlling the spoon path. Originall
the team wanted to go with a four-
path. However, based on the results of the decision matrix (see Table 
actuator had more benefits. Overall, the prim
the ease of use (in this case, tuning). While cost will be more of a factor, it was determined to be less 
important than other requirements.
 
 
 
 
 
 
 
 
 
 
ential table damage were the most important categories. Based on 
-clamp ended up being the best option. C-clamps are available 
 
bar linkage since it would be easy to manufacture, and followed a set 
3.5), it was clear that the linear 
ary requirements considered were size, adjustability, and 
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l be drilling a 
 
 
y 
Table 3.5. Decision matrix to determine the bes
Original Concept Description
After completing the concept selection previously mentioned, 
concept chosen ironically had many similarities to the 
concept was thought to be less complex, less 
The design involved a spoon attachment on a rotating linearly actuated shaft, which scoop
a rotating bowl. The spoon first revolved
passed under an adjustable guard located over the bo
the bowl, and continued to extend
cycle could be repeated with user switch activation
Figure 3.12. Sketch of 
t way to control the spoon movement. 
 
the original design wa
Mealtime Partner design; however
expensive, and better tailored to potential users. 
 to scoop food from the bowl, extended toward the user, 
wl (Figure 3.12) to knock off excess fo
 until the linear actuator reached full extension. At this point,
. 
original concept chosen, illustrating all primary features. 
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The user activated the device by one of three input methods, including a table-mounted button switch, 
a hand-mounted palm switch, and a pull switch.  Once the device was activated, the user was prevented 
from interfering with the cycle until it was completed. This met the requirement from VTC to offer a 
minimum of two input options. 
Two sizes of FDA approved spoons would be available, including a full size spoon and a baby spoon.  This 
would allow the user to effectively control bite size, and would meet the requirement from VTC to offer 
multiple spoon sizes.  The spoon would be attached to the extending stainless steel shaft with a 
threaded knob and a feature which assured only one possible orientation of the spoon.   
The linear motion of the spoon was achieved by using a linear actuator. The rotation of the spoon was 
controlled by an electric motor and gear train assembly. Both were controlled with a programmable 
logic controller (PLC), which allowed for great control over speed and timing of the spoon motion.  The 
bowl would also be powered by a small electric motor and gear train assembly, running at a slow 
constant speed. 
The bowl was made of clear, shatter-proof, FDA-approved plastic to ensure maximum user safety and 
comfort associated with seeing the food in the bowl. The bowl attached to a turntable using dowel pins 
or a similar male-female connection to inhibit rotation relative to the turntable.  Multiple bowls would 
be provided to VTC so that a clean bowl would always be available, even if others were being washed.  
Extra bowls would also allow VTC staff to serve multiple food types during a meal without needing to 
clean the bowl. 
A removable guard attached to the casing of the device and could be adjusted to limit the portion size 
delivered to the user by manually raising or lowering it and securing it with a set screw located on the 
casing.  As the spoon passed under the guard, excess food would be knocked off back into the bowl. The 
guard could also be removed to be cleaned or when it is not necessary for certain foods.  
The enclosure would be made of transparent acrylic plastic and would be tamper-proof to ensure the 
safety of the mechanism and user.  The casing material would satisfy the team’s specification to prevent 
user tampering. 
The device would be powered by a 12-volt rechargeable sealed lead-acid battery located inside the 
enclosure.  A 110-volt battery charger would also be provided. Battery power would meet the 
requirement from VTC to offer portable power that lasts throughout an entire meal. 
The device attached to a table edge with a modified c-clamp. The c-clamp allowed for rotation of the 
extension arm around a vertical axis by using a short stainless steel shaft secured by set screws at the 
clamp and the extension arm.  The shape of the clamp would allow attachment to all tables used at VTC.  
The c-clamp would prevent the user from detaching the device from the table, as it would be securely 
fastened.  If the user applied excessive force to the product, the rotation feature of the c-clamp would 
allow the device to rotate out of the way, preventing damage to the device and ensuring user safety.  
The horizontal and vertical position of the device could be adjusted by moving the extension arm and 
clamping it into any desired position with a wing nut.  The arm consisted of two parallel-bar linkages 
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which would keep the device parallel to the ground (see Fig. 3.13).  The table attachment would satisfy 
the project requirement to create a safe, tamper-proof design. 
 
 
Figure 3.13. Solid model of the original design, showing key design features. 
 
CHAPTER 4: DESCRIPTION OF THE FI
Overall Description and Layout
Similar to the concept explained above, the basic idea of the
frame and rotates about a vertical axis. The spoon is mounted to a rod that actuates horizontally, and a 
servo motor rotates the rod about the same axis. The rotation of the rod allows the spoon to scoop food 
from the bowl while the spoon is retracted, and the linear motion extends the spoon out to the user.
The entire device is mounted to an adjustable arm that allows any user to bring th
or her mouth, regardless of the distance from the edge of the table.
device to the table, they will need to position the spoon within reach of the user’s mouth.  Because the 
spoon is fully extended during arm adjustment, positioning the spoon to the mouth is simplified.  After 
the device is correctly positioned and food is placed into the bowl, the user begins the feeding cycle by 
activating any one of the three input options.  Input options include a s
mounted switch, and a table mounted pull switch.
of food, and deliver the next bite to the user.  The device will then wait for the next user input signal 
before repeating this cycle.  To control bite size, two sizes of spoons can be used, depending on the 
preference of the user.  An adjustable food guard can also be used to knock off excess food from the 
spoon, back into the bowl.  In between each scoop, an additional se
increment, providing a new path for which th
will power the system, and logic will be controlled via a programmable microcontroller.  An aluminum 
frame with polycarbonate panels will contain the system and offer visual appeal.
for a rendering of the Dining Assistant.
Figure 4.1. Solid model of the final design, 
NAL DESIGN 
 
 final design is that a bowl is attached to a 
e spoon directly to his 
 After the VTC staff clamps
tandard table button, a palm 
 After initiation, the spoon will retract, scoop a portion 
rvo motor will rotate the bowl a set 
e spoon can scoop food.    A 12-volt rechargeable battery 
  See 
 
named the Dining Assistant.  
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Detailed Design Description 
Basic Layout 
Before explaining individual components, it is necessary to explain the basic functionality of the device.  
As shown in Figures 4.2 and 4.3 below, the linear actuator is attached to the linear slide and provides 
linear motion to bring the spoon from the bowl to the user’s mouth.  Two RC servo motors are used to 
rotate the spoon and bowl, enabling the device to effectively scoop food.  If too much food piles up on 
the spoon, while eating a food like mashed potatoes for example, the adjustable food guard will simply 
knock off excess food back into the bowl. 
 
Figure 4.2. Key features of Dining Assistant. 
Figure 4.3
Spoon Sizes 
While the requirement was for the device to work with two spoon sizes, 
three: a baby spoon, a typical teaspoon, and a soup spoon. This allows a variety of users to 
device with a spoon that meets their needs
handles are bent at varying angles, and the att
(a)
Figure 4.4. (a) Full-size Plastisol coated spoon (b) Gerber 
 
Spoon Attachment 
The spoon is designed with two hole
dowel pin and a threaded adjustment knob on the end of the 
changing out one spoon for another, the staff member simply needs to unscrew the knob, remove 
spoon, place a new spoon over the peg
The knob is made out of nylon, which
. Basic layout of Dining Assistant components. 
the design actually works w
 (see Fig. 4.4). To accommodate the different spoons, the 
achment holes are drilled according to spoon
  (b)
silicon coated baby spoon.
s at the end of the handle. These two holes align
spoon shaft (see Fig. 4.5)
, align the hole for the release knob, and then tighten the knob
 is comfortable to adjust. 
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Figure 4.5. Close-up of the spoon attachment, showing knob and pin attachment. 
Rotary Movement of Spoon 
In order for the spoon to rotate and scoop food out of the bowl, it is attached to a moving shaft that 
extrudes from the frame (see Fig. 4.6). The shaft is attached to an RC servo (see Appendix A7) with a 
shaft-to-servo coupler that allows it to rotate. The rod extends from inside the housing to outside where 
the bowl is, so it has a seal in the casing to prevent contaminants from traveling into the housing. This is 
a flanged sleeve bearing that allows linear motion, as well as rotation. Another bearing is mounted 
directly in front of the RC servo on a small plate inside the housing.  This ball bearing supports rotational 
motion of the shaft. The combination of the two bearings will help decrease the magnitude of bending 
moments on the inner components. 
 
Figure 4.6. Linear guide assembly detail. 
  
Linear Movement of Spoon 
As mentioned above, the RC servo is mounted onto a plate, which is then attached to a linear slide. The 
linear slide is solid and prevents any tilting of the motor assembly in any direction. The plate under the 
servo assembly is then attached to a linear actuator that runs directly beneath the assembly. When the 
linear actuator is fully retracted, the motor assembly is pushed out of the frame, and the spoon is at its 
fully extended position toward the user. When the actu
pushed to the back of the housing, a
Figure 4.7. Side view of linear actuator and linear guide assembly, showing linear motion provided by actuator
Bowl Description 
The bowl proved to be challenging to obtain
most bowls have a flat edge along the bottom of the bowl. The bowl chosen is a solid white plastic bowl, 
which is inexpensive and easily replaceabl
profile is not perfectly round, it is close enough to work with this design. In addition, the bowl is not 
hemispherical; in other words, the sides of the bowl do not come up to a vertical positio
the case, the bowl would have needed to be modified so the spoon shaft could be at the center of the 
circle for rotation. 
Figure 4.
  
ator is fully extended, the motor assembly is 
nd the spoon is fully retracted (see Fig. 4.7). 
 
, since the design required a fully circular
e from Bed, Bath, and Beyond (see Fig. 4.8)
 
8. White plastic bowl used for food containment.   
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. 
 profile inside; 
. While the inner 
n. If this were 
Rotary Movement of Bowl 
In addition to the rotation of the spoon shaft, there 
During the conceptual design phase, it was determined that the best way to make sure all food gets 
picked up is to have the bowl rotate. After each pass of the spoon, the bowl will
increment so that the spoon has a new path of food to scoop up.
The bowl is mounted to an RC servo through a series of 
stainless steel disc mounted directly to the bottom of the bowl with 
threaded for a shaft to attach to. The shaft run
of the plastic casing. A coupler connect
Figure 4.9
Framing and Mounting 
All components are mounted to an aluminum 6063
has L-beams with corners cut to ensure proper alignment
beams are used along the inner edges of the primary framing. There 
other locations in order to frame co
weld the framing pieces together, but that was decided against in the intere
looking clean and sharp. 
Figure 
is also rotation of the bowl about a vertical axis. 
 
connections (see Fig. 4.9). First, there’s a small 
epoxy. The center of the disc 
s through a flanged steel ball bearing that rests on the top 
s the shaft to the servo. 
. Exploded view of bowl to RC servo connection. 
-T52 frame (see Fig. 4.10). Each edge of the housing 
. For the vertical attachments, the same L
are a few additional L
mponents like the linear slide. At one point, it was considered to 
st of keeping the device 
 
4.10. Aluminum 6063-T56 for framing of device. 
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 rotate by a set 
is 
 
-
-beams across 
Casing 
Attached to the framing is a polycarbonate casing
Plexiglass to make it easy to see all compon
housing more resistant to damage, polycarbonate was chosen instead.
is much more durable than the alternatives.
The polycarbonate sheets are mounted using tamper
or remove. This prevents unintentional loosening and user tampering. 
nuts on most panels and threaded holes on the removable panels (top and bottom). 
removal of the maintenance panels for repair
Figure 4.11. Impact resistant p
Activation 
There are three methods for the user to activate the 
method is a small push button that can rest on the table. Users can push the button when they are 
ready for the spoon to retract and retrieve another bite of food.
for activation.  As a secondary option, the table mounted button can 
simple Velcro attachment.  This option allow
activate the device, as the button will be attached to their hand. As a third method of activation, a pull 
switch can be used.  A commercial pull switch was modified to make it easy to actuate, and it is enclosed 
in a custom case to avoid sharp edges and other safety hazards.  The pull switch
using a table clamp, allowing it to be positioned as suited for 
(a) 
Figure 4.12. (a) Low-profile button switch
  
 (see Fig. 4.11). Originally, the design included 
ents inside the device. However, in order to make the 
 It is designed for high impact
 
-proof bolts that require an allen wrench
The bolts are held in place using 
This allow
s. 
 
olycarbonate plastic for casing of device. 
device (see Fig. 4.12), as requested by VTC. The first 
  This button requires
be fixed to the user’s hand using a 
s the user to press their hand down on any surface to 
 mount
the user. 
  (b)  
, having a secondary option to be used as a palm switch. (b) Pull cord switch.
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 to install 
s for easy 
 a very light touch 
s to the table 
 
Page 42 of 134 
Excess Food Removal 
An adjustable food guard is installed to prevent heaping on the spoon for thicker food consistencies (see 
Fig. 4.13). The bar can be adjusted for any food, and includes a stop to prevent the guard from rotating 
too far down and interfering with the path of the spoon. The guard is made out of stainless steel and has 
a comfort-grip knob for ease of adjustment.  When serving foods that do not tend to heap, the guard 
can simply be pivoted out of the way. 
 
Figure 4.13. Food removal guard assembly. 
RC Servos 
To power the rotation of both the food and bowl, 6-volt RC servos are used (see Fig. 4.14).  This type of 
motor was chosen for many reasons, including cost, size, weight, mounting simplicity, wiring simplicity, 
and more importantly the capability of speed and position control.  Built-in potentiometers allow 
accurate positioning of the output shaft, which is vital and necessary to the functionality of the device.  
RC servos allow the spoon and bowl to rotate a certain number of degrees with a high degree of 
accuracy.  Position control is not timed and is therefore not power-dependent, offering added measures 
of safety and reliability.  RC servos are also easily programmed and can therefore be adjusted with little 
effort.  In order to power the rotation of the bowl, accurate positioning was not critical, therefore a 
servo with 360° of continuous rotation was selected so that the bowl could rotate completely.  On the 
other hand, precise spoon control was required for the spoon shaft, therefore a 180° servo with a built- 
in potentiometer was selected.  The spoon servo was also specified to have a larger torque output than 
the bowl servo, which is necessary to scoop denser food consistencies.   
(a) 
Figure 4.14. (a) Continuous servo for bowl rotation. (b) 180° Servo for spoon rotation.
Linear Actuator 
Once the spoon scoops a portion of food, the sh
user.  This shaft movement is controlled by the linear actuator, which has a linear travel of 6 inches
Fig. 4.15).  The actuator is constructed using a 12
through a gear reduction assembly.  The unit is relatively compact
comes prewired with internal limit switches that automatically cut power to the actuator when the 
power screw is fully extended or retracted.
Power 
Both the servos and linear actuator are powered by a 12
4.16). The battery supplies 1.5 peak amps at 12 volts to the linear actuator, and approximately 1 amp at 
5 volts to each of the servo motors. The main power of the 12
which regulates the voltage output and current to the servo motors. Given the requirements that the 
device must run for at least one hour, and estimating th
battery was selected. The compact size and overall weight of three pounds also seemed ideal for the 
constraints of our design. A standard type N 2.5 mm by 5 mm DC jack is used to easily connect the 
battery charger to the battery. Because the jack mount is located on the exterior of the device, complete 
battery removal is not necessary during charging.
   (b) 
aft that the spoon is attached to is 
-volt DC motor which drives an acme power 
, inexpensive, and 
 
 
Figure 4.15. Runyn mini linear actuator. 
-volt lead-acid rechargeable battery (see Fig. 
-volt source goes to the microcontroller, 
e current draw during this time, a 5 amp
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driven toward the 
 (see 
screw 
lightweight, and it 
-hour 
(a) 
Figure 4.16. (a) 12 V sealed lead acid battery
Control 
To control the various electronic operations that take place during each feeding cycle, the Arduino 
microprocessor was implemented to provid
4.17).  The device is relatively inexpensive and extremely capable a
accurately run the RC servo motors and linear 
potentiometers supply the circuit board with feedback, enabling the Arduino to precisely locate, move 
and control each electrical component independently.  After writing detailed code 
to C++, the code is quickly uploaded to the Arduino.
Positioning of the Device 
The device can be positioned to a wide 
side of the device (see Figures 4.18
pounds, but it has mounting capabilities for any purpose
meet the weight requirement. It has a horizontal range of 12.7 inches and a vertical adjustment of 9.5 
inches. Based on measurements of VTC users, this capability meets all user needs. The arm has two 
modes of adjustment. First, the height is controlled by 
be set at a particular height, and the two arms can be swiveled around to reach any horizontal position 
 (b)  
, (b) Lead acid battery charger. 
e precise, adjustable, and easy-to-program control
nd powerful for its size.  I
actuator at a precise instant, limit
in a language 
 
 
Figure 4.17. Arduino Uno microprocessor 
range of locations with an adjustable arm which mounts to the 
 and 4.19). The arm is designed for mounting monitors up to 20 
 and the Dining Assistant 
a mounted rod and a sliding collar. The collar can 
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 (see Fig. 
n order to 
 switches and 
similar 
is light enough to 
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desired. No orientation causes the arm and device to take up more than a single place setting, meeting 
the requirement set by VTC. 
 
Figure 4.18. Ergotron adjustable arm for positioning the device. 
 
Figure 4.19. Adjustability provided by Ergotron arm. 
Staff Involvement 
This device allows for considerably less staff involvement than current manual feeding. This design 
requires staff to mount and adjust the arm to bring the device up to the user’s mouth. The staff member 
must also put food in a bowl and twist the bowl onto the threaded shaft. The person must then make 
sure the device is powered on and that the activation switch is within reach of the user. Once the user is 
done with a portion of food, the staff member must replace the spoon with a clean one if necessary and 
supply the bowl with a new portion of food. When the meal is over, the staff member cleans the spoons 
and bowls, wipes down the housing, and takes the device off the table by loosening the clamp. 
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Analysis Results 
To initially determine whether our proposed design was going to be an effective solution, the team 
conducted a variety of tests.  Testing ranged from simple mechanical motions of certain components to 
more complex verification involving electrical components. 
To evaluate how well the spoons actually scooped food, a wide variety of foods was tested using 
different scooping motions, different spoon profiles/geometry, and different bowl types (see Fig. 4.20).  
Food consistencies ranged from sticky foods such as mashed potatoes, less viscous foods such as 
applesauce and yogurt, and chunkier food such as sandwich bites.  After testing multiple types of foods 
in combination with bowl and spoon types, conclusions were made as to what the ideal spoon and bowl 
geometry would need to be in order to scoop food most effectively.  Wider, flatter spoons were 
preferred over rounder spoons, and spherical bowls with high sides proved more effective than flat-
bottomed, shallow bowls. 
 
Figure 4.20. Cold mashed potatoes used during food testing.  This type of food was used due to its dense, sticky 
characteristics, which provided a worst case situation. 
Because selecting an appropriate motor to drive the spoon required knowledge of the torque required, 
a testing rig was constructed to determine the maximum amount of torque needed to scoop dense, 
heavy materials (see Fig. 4.21).  A pull scale was attached to the top of a pivoting rod, with the spoon 
attached to the opposite side.  Moment analysis revealed a force of 2 lbf on the face of the spoon for 
worst case situations.  Please refer to Appendix A5 for analysis results. 
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Figure 4.21. Torque test rig used to determine force on spoon.  This test allowed for an appropriate servo motor to be 
selected, specified by the torque required for the spoon to scoop food. 
After the required torque was calculated, appropriate motors were sized and selected, and additional 
tests were conducted to verify that the motors were correctly chosen.  A spoon was attached to the 
output shaft of the spoon servo motor, and it was verified that the spoon did successfully rotate through 
dense food with ease.  The bowl servo was next attached to the bowl, and it was verified that the motor 
provided enough torque to spin a bowl of food.  These simple tests enabled us to evaluate the 
performance of the motors, and make sure that ample amounts of torque were supplied. 
During the design of the original custom arm, bending stress analysis was used to determine the cross-
sectional geometry of the arm links.  To conduct bending stress analysis, a cantilever beam assumption 
was used to simplify calculations.  A 50 lbf load was applied to the end of the beam, and height and 
width dimensions were calculated using a safety factor of 1.5. The team designed for the yield strength 
of 6063 aluminum alloy, found to be about 35 ksi.  The team built a wood mock-up of the design to 
verify geometry (see Fig. 4.22). However, after realizing the difficulty in designing and building an arm 
with the geometry needed to provide a wide range of adjustment, the team decided to instead invest in 
a pre-manufactured adjustable arm.  
Figure 4.22. Prototype of original adjustable arm idea.  Failure to
caused the team to instead purchase a pre
Deflection analysis was conducted as a means to appropriately size the shaft that the spoon would 
attach to.  A 5 lbf vertical load (see Fig. 
calculated to be about 1/8 inch, using a safety factor of 2 and a shaft length longer than designed.  The 
more significant deflection of the spoon was not
comfort for the user.  Please refer to Appendix A5 for analysis results.
 Figure 4.23. Deflection analysis representation
The bowl attachment was simulated by fastening a 3/8”
then testing how easy it was to thread the nut onto a stationary bolt
place with a vise to simulate the bearing supporting th
with the bolt threads and attaching
Figure 4.24. Bowl attachment test, using a nut attached to a simulated bowl made from plywood
to replicate a vertical shaft that was supported by a bearing.
 
 produce an arm that would provide adequate adjustability 
-made articulating arm. 
4.23) was applied to the tip of the spoon, and a deflection was 
 accounted for, as this offers compliance and increased 
 
 
.  The yellow arrow represents the vertical load applied to the spoon.
-16 nut to a rectangualar piece of wood, and 
 (see Fig. 4.24).  The bolt was held in 
e shaft.  It was determined that lining up the nut 
 the two was an easy, user-friendly process. 
 
.  The bolt was held in a vise
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Cost Analysis 
Throughout the entire process of the design, cost was a factor that steadily increased. However, 
evaluating the cost at the end revealed that much of the cost was not toward the actual prototype. For 
instance, many components were ordered in bulk, adding unnecessary cost. Also, some components 
were purchased and we decided not to use them. This applied to aluminum nuts, one of the push 
buttons, etc. Additionally, some of the electronic components needed to be repurchased due to damage 
during testing.  
Taking into consideration only the parts that would be needed to duplicate the prototype, the cost is 
around $934 (see Appendix A6). This is actually a slight decrease from the initial estimate of $945. 
However, the final cost does not take into consideration some of the components that were needed but 
were not directly in the device. For instance, items like spray paint, labels, sandpaper, etc. were needed 
but weren’t as quantifiable. 
The most costly portions of the design were the linear actuator ($93), the adjustable arm ($120), the 
servo motors ($69), the pull switch and components ($68), and the push button ($60). Table 4.1 below 
shows a breakdown of the cost for each type of parts for the entire prototype. 
Table 4.1. Cost of each subcategory of the device, totaling $934 for the entire prototype. 
Category Cost 
Motors and Precision Parts $193 
Control and Power $120 
Switches $143 
Bowl and Spoons $62 
Adjustable Arm $123 
Metal $69 
Polycarbonate Casing $62 
Bearings $44 
Attachment Hardware – Bolts $35 
Attachment Hardware – Nuts $15 
Attachment Hardware – Spacers $16 
Miscellaneous Hardware $55 
TOTAL COST $934 
 
Material and Geometry Selection 
Food contact substances, as well as all exterior parts of the device, were designed using FDA-approved 
materials.  Stainless steel and food-grade plastics were therefore commonly specified for many 
components.  For parts internal to the device, there was less of a concern with meeting FDA regulations, 
as the user or food is not intended to come into contact with the interior of the device.  When specifying 
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frame components, brackets, etc. aluminum was commonly specified as a means to provide weight 
savings without sacrificing strength.  Aluminum’s welding properties also made it a preferred choice, 
though the team only ended up welding in one location.  
As mentioned previously, the adjustable arm was chosen because it met both the horizontal and vertical 
adjustable range requirements.  The distance from the table and height of a variety of users’ mouths 
provided the necessary measurements needed to choose an arm.  The arm was also chosen based on 
the weight that it could support, about 20 pounds.  Given that the arm weight was specified to be about 
9 pounds and the overall weight of the entire device needed to be less than 25 pounds, our arm choice 
seemed acceptable. 
Spoons were selected based on material requirements.  In order to protect users from possibly injuring 
themselves when uncontrollably biting onto the spoon surface, soft-tipped spoons were specified, with 
either Plastisol or BPA-free silicone rubber tips.  Stainless steel handles were also chosen over plastic 
materials because of the rigidity, machinability, and ease of bending.  Steel was necessary for the handle 
of the spoon because it allowed us to drill two holes into the handle for easy and accurate spoon 
mounting.  The steel handle also allowed the spoon to be bent into a desired configuration.  For the 
purpose of our project, the spoon had to be bent 90° to provide a wider scooping surface to pass along 
the curvature of the bowl.  A 90° bend in the handle also allowed the spoon to extend towards the 
user’s mouth in a desired perpendicular manner.  
For specific technical information regarding individual components, please refer to Appendix A7. 
Wiring Diagram and Control Logic 
The Arduino microcontroller provides a means to control logic throughout the feeding cycle.  It is 
supplied power by a 12-V lead-acid rechargeable battery, and main power is controlled on the outside of 
the housing by a switch.  The full 12 volts are used to control the linear actuator, while a regulated 5 
volts is used with a signal wire to control both the bowl and spoon servos. See Figures 4.25 and 4.26 
below for a basic wiring diagram and the control logic for the Arduino. 
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Figure 4.25. Basic wiring schematic of the Dining Assistant. The Arduino is powered by 12 volts, and will supply the servo 
motors with regulated 5 volt power. 
 
Figure 4.26. Basic layout of Arduino control logic. 
Safety Considerations 
In order to protect both the device and the user from damage or injury, a variety of safety measures 
have been incorporated into the design.  Non-toxic FDA approved materials are specified for all exterior 
food contact surfaces to protect the user from any harmful substances.  All spoons are coated with a 
soft rubber material to prevent user injury from uncontrollable bite clamping force.  The housing of the 
device is composed of an aluminum frame and impact resistant polycarbonate panels, which provide a 
barrier to keep the user away from more delicate interior components.  If the user decides to hit or lean 
on the device, the pivoting action of the adjustable arm will simply rotate out of the way, protecting 
both the user and the device.  As additional means of safety considerations, all machining operations 
and plastic cutting were followed with deburring procedures to eliminate any sharp edges. 
Maintenance and Repair Considerations 
Proper maintenance has been designed to be as simple and user-friendly as possible, and is intended to 
require minimal effort.  To wash the bowl and spoon, the bowl simply unthreads from the base, and the 
spoon is easily removed by unthreading the release knob.  Because the housing is covered entirely in 
polycarbonate, the device can be wiped down with a soft damp cloth to sanitize the device.  The battery 
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is permanently mounted inside the housing, so charging the battery only requires that the charger be 
plugged into a DC jack, located on the exterior of the housing.   
Internal maintenance should not be required.  If, however, internal repair is needed due to part failure 
or adjustment, the top and bottom polycarbonate panels may be removed (an allen wrench is needed to 
remove the bolts).  Reattaching the panels is simple since the holes are tapped. 
Device misuse can result in breakage or permanent deformation of components.  Dropping or hitting the 
device may alter the frame and shaft geometry and may also bend the spoon, which may result in 
further damage of the device including bowl damage, bowl mount damage, and spoon mount damage.  
Permanently deformed components caused by device abuse can also cause the servo motors and the 
linear actuator to completely fail.  
Cleaning with large amounts of water or harsh detergents is not advised.  If large amounts of water 
enter the interior of the housing, corrosion and serious damage to electronic components can occur. 
Cleaning polycarbonate panels with an abrasive cleaner or rough sponge will result is scratching and 
dulling the surface. 
  
Page 53 of 134 
CHAPTER 5: PRODUCT REALIZATION 
Manufacturing Processes 
All manufacturing for the device was completed on campus, either in the Mustang ’60 machine shop or 
in the hangar. The first step of the process was to create the aluminum frame (see Figure 5.1), which 
was cut using a chop saw. For polycarbonate parts, the table saw and laser cutter were used to create 
precise features. Figure 5.2 below shows two of the pieces assembled on the completed frame. For the 
two pieces pictured in particular, exact hole placement was key. 
 
Figure 5.1. Team in hangar with finished frame. Frame members were cut using a chop saw with aluminum blade. All holes 
were drilled oversized with the drill press to make assembly and alignment easier. 
 
 
Figure 5.2. Front two polycarbonate pieces, with holes precisely placed for alignment of bowl relative to linear guide. 
In addition to straightforward modifications like cutting the framing to length, the team created many 
custom parts that required special manufacturing techniques to make.  Custom parts included: 
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• A pull switch made from a commercial switch, modified to include a casing, L-bracket, and some 
new internal hardware 
• A reinforcement bracket for the table clamp base to reduce leaning from the weight of the 
feeder (see Figure 5.7 in the next section) 
• An aluminum mounting plate for attaching the spoon servo and related components to the 
linear guide (see Figure 5.3 below) 
• A link with unusual geometry for connecting the linear actuator to the upper assembly on the 
linear guide 
• Special mounting brackets bent into a unique geometry for the bowl servo 
• L-brackets for connecting the limit switches for the linear guide assembly 
• The spoon shaft, with a hole to press-fit a dowel, as well as a tapped hole for the knob 
• A disc for each bowl to thread onto the shaft in the base 
 
Figure 5.3. Custom aluminum mounting plate, with spoon servo and mounting hardware shown attached. 
The manual mill, lathe, drill press, TIG welder, and band saw were other primary tools used to create the 
custom parts.  Soldering irons were used to solder together the custom designed circuit board, and also 
used to affix all switches and electrical connectors. By creating many custom parts that required the use 
of a variety of tools, the team not only learned the proper operation of many types of equipment, but 
also gained priceless shop experience and safety skills.   
Early on, the team quickly realized that there was more than one way to create a part, but we learned 
that some ways were more efficient, more accurate, and safer than other methods.  When locating the 
hole for the spoon shaft, for example, the team decided to locate the hole using a drill bit attached to 
the servo and bearing assembly instead of measuring the hole center as per drawing specifications (see 
Figure 5.4).  This allowed us to drill the hole as accurately as possible. 
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Figure 5.4. Precision hole placement for the polycarbonate panel using a 3/8” drill. 
The practical experience of actually building the device that we designed also helped us become better 
engineers, as we discovered that what may look easy to manufacture on the computer screen may not 
be so simple to create in actuality.  Complex parts required far more labor than did simple parts, and so 
by building both the complex and simple parts we gained true insight into the beauty of simplicity. 
Changes from Planned Design 
As with any design, changes arise throughout the process. Luckily, there were very few changes made 
once the design had been completed and construction was underway. The changes are described below. 
No Enclosure of Bowl 
To prevent the user from tampering with critical components such as the bowl and spoon shaft, a 
polycarbonate shield was initially considered, as this would not only protect the user from accessing 
moving parts, but would inhibit damage to the device. After discussing the shield with VTC during the 
team’s Critical Design Review, the conclusion was made to not add the shield; it would be unnecessary, 
given that the individuals allowed to use the device would be unlikely to place their hands near these 
moving components. 
Changes to Electrical Design 
Originally, a motor shield was used in conjunction with the Arduino Uno. However, after realizing that 
the motor shield could not supply enough amperage to run two servo motors and a linear actuator, 
significant electrical changes were made. A custom PCB board was designed, soldered together, and 
connected to the Arduino Uno microcontroller (see Figure 5.5). A voltage regulator, complete with a 
heat sink, was used to decrease the 12-volt power supply voltage to a 5-volt source used to power the 
servos. To power the linear actuator, the Arduino triggered transistors and relays to feed the linear 
actuator with the correct amount of voltage and amperage. Current limiting resistors and diodes were 
also used in the design of the custom board to ensure the safety of the Arduino device. The 12-volt 
power source was also used to power the Arduino. 
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Figure 5.5. Custom designed PCB unit connected to Arduino microcontroller. 
On, Off, and Home Control 
A rotary switch was also added to the device, enabling the VTC staff member to switch the device to 
multiple positions. In the “off” position, all power is cut to the Arduino, servo motors, and linear 
actuator. When the switch is rotated to the “home” position, the spoon and spoon shaft initializes. The 
“home” position also allows for more compact storage of the Dining Assistant, as the shaft automatically 
retracts when the switch is in this position. When the switch is rotated farther to the “on” position, the 
spoon and shaft initialize again, but this time the shaft fully extends the spoon to the user’s mouth, 
enabling adjustment of the device for the particular user. 
When the user is ready to eat, the device has been designed to run in the “on” position. When the user 
has completed the meal, the VTC staff member can switch the dial to the “home” position to retract the 
spoon shaft, and then switch the unit to the “off” position. 
Polycarbonate Spill Guard 
To prevent food from being pushed out of the bowl during the device’s scooping motion, the team 
created a polycarbonate part that matches the contour of the bowl, offering a barrier to keep food in 
the bowl (see Figure 5.6). The part is somewhat flexible, as it was designed to conform to the edge of 
the bowl as the bowl turns. 
 
Figure 5.6. Polycarbonate guard added to prevent food spillage. 
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Bowl Attachment Shaft 
Due to the curvature of the bowl, the spoon seemed to miss some food during testing. Significant 
amounts of food were left at the bottom of the bowl. To make scooping more efficient, the threaded 
spoon attachment shaft was lengthened to raise the height of the bowl. Once the modification was 
made, the spoon seemed to scoop much more effectively 
Table Clamp Reinforcement 
When the originally specified clamp was mounted to the table, the weight of the Dining Assistant unit 
caused the base of the clamp to deflect considerably. No permanent damage was done to the base of 
the clamp, but a steel reinforcement plate (see Figure 5.7) was bolted to the base to prevent future 
deflection. The plate was painted silver to match the existing color of the table clamp. Although the 
modification added more overall weight to the device, deflection was successfully eliminated. 
 
Figure 5.7. Reinforcement plate added to the table clamp. Before the plate was added, weight of the device caused 
significant deflection of the clamp, causing the Dining Assistant unit to sag. 
Linear Actuator Attachment 
The original drawings specified that the linear actuator be attached using a bolt running through it, 
attached to a nut welded to the frame. Due to the material properties of the nut, welding was 
problematic, and so a threaded aluminum block was fabricated and welded to the frame instead. This 
block was larger than the previously specified nut, offering a more rigid attachment for the linear 
actuator. In addition, the larger block eliminated the need to have a spacer between the actuator and 
the framing since it acted as both the nut and spacer in one. 
Carrying Handle 
A handle was added to the top of the device (see Figure 5.8), enabling VTC staff members to easily 
position and carry the device as needed. It is made of durable leather and also enhances the visual 
appeal of the Dining Assistant. 
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Figure 5.8. Leather handle added to the top panel for convenience of transport and adjustment. 
Recommendations for Future Production 
Although we feel we have created a successful device, future improvements would make the Dining 
Assistant even more appealing. The overall housing of the device could be made more compact and 
aesthetically pleasing, for example. Mechanically, the motor driving the spoon could be slowed down, 
and both servos could be more heavy duty, using internal metal gears. Instead of threading on the bowl, 
a more user friendly attachment method could be designed that provides better user feedback for when 
the bowl is fully installed. For the device to be more effective at scooping, a custom spherical bowl could 
be made to more accurately comply with the path of the spoon. The Dining Assistant does seem heavy 
as well, so lighter components could be used, such as a smaller battery. More complex programming 
could also be uploaded to the microcontroller, offering more options on the rotary switch depending on 
the type of food being served, and also allowing the user to stop the feeding action at any time during 
the cycle. The team also feels that an automatic shut-off feature may be beneficial to the VTC staff, as it 
would prevent battery drainage if the unit was accidently left on. The automatic feature could be 
programmed to shut-off power to the device if the unit was left on for a certain amount of time. 
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CHAPTER 6: DESIGN VERIFICATION PLAN 
To test and validate the design, a number of tests were done based on the specifications determined at 
the beginning of the project. Many test results were a matter of user preference, with no quantitative 
values to compare to desired results. For instance, some tests were that the device was fully adjustable 
and that it should be free of safety risks like pinch points and shock hazards. To confirm that these were 
met, the team essentially needed to use the device over and over to confirm that no issues arose. 
In the following sections, each test will be described, and the results will be shown. Testing was broken 
into two main categories. Many of the tests could be completed by the team, but there were a few that 
were a matter of opinion, such as the adjustability and safety of the device. These tests were done by 
VTC while they were temporarily in possession of the device in May. 
Note: The numbers in parentheses next to each test refer to the test number. For a full listing of tests, 
please refer to the testing plan in Appendix A8. 
Test Descriptions and Results 
Verification of Basic Properties 
A few tests were really just to verify that the device matched the design and was suitable for being used: 
• FDA Approved Parts (#9): All parts coming into contact with the user were designed to be FDA 
approved. External metal pieces are all stainless steel, and the polycarbonate housing and 
rubber grip knobs do not pose hazards either. The spoons purchased are typical spoons that are 
clearly meant to be eaten off of. More information about FDA standards is provided in the 
Applicable Standards section of Chapter 2. 
• No Pinch Points, Shock Hazards, or Sharp Edges (#4): The team made sure to remove all sharp 
edges before testing, and this specification was confirmed by VTC testing. When the device was 
used with their users, no issues arose due to safety hazards. 
• Tamper-Proof (#15): Since some users like to grab things and could potentially hurt themselves 
if anything could easily be removed, the device needed to have tamper-proof adjustments. To 
confirm that this specification was met, VTC used this with their users and had no issues arise. 
• No Flickering Lights (#10): The device was designed to meet this specification. The only light 
even present in the feeder is a light that remains on as long as the electronics board is turned 
on. It never blinks, so that this specification was met. 
• Lightweight (#14): Since VTC will need to carry this device from room to room across the facility, 
it was important that the device be less than 25 lb. When weighed, the device and arm weighed 
a total of 23 lb. While it is heavy, it still meets the requirement. 
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• Low Number of Parts and Tools (#18): The initial specification mentioned that there should be 
fewer than 100 parts and tools required to assemble the final device. Since the number was 
somewhat arbitrary, the team counted only the relevant parts and ignored small electronics and 
the bolts and nuts included throughout the device. Counting only the other pieces, there were 
75 parts, which meets the specification. Additionally, the only tool needed is an allen wrench, 
used only if maintenance is required. 
• Quiet (#19): While the specification of keeping the device operating under 70 dB was somewhat 
arbitrary, the basic idea was that the device should not operate too much louder than a typical 
conversation. Using a sound tester set up just next to the spoon shaft, the decibel level was 
measured repeatedly. The maximum volume was 73.4 dB, and the average was 71.7 dB. While 
these exceed the required 70 dB, it is not a concern. In fact, VTC was glad the device made 
audible noise to warn users about the moving parts. 
Verification of User Functionality 
For several of the tests, it was unnecessary to find an actual output value. The following tests were 
confirmed through repeated use and from user feedback: 
• Comfortable Operating Speed (#1): The device must move at a pace that is not so fast that it 
scares the user or flicks food, and it also must not be so slow that the user gets impatient 
waiting for each bite. When timed, the spoon shaft moved at a speed of 1.8 in/s and the full 
cycle for a bite took 11 seconds. This conforms to the specifications of under 3 in/s and under 15 
seconds per cycle. 
• Adjustability and User Comfort (#5): Since comfort and adjustability are relative to the person 
using the device, it was important to determine if this was met through repeated testing. Each 
person who tested the device was able to set up the device with little trouble, and the device 
was able to be adjusted to the position of every user. VTC confirmed this when they used it on-
site with the future users. 
• Food Close to Mouth (#3): Along the same lines as adjustability, the device needs to be able to 
get close to the user’s mouth to avoid too much leaning to reach each bite. This was confirmed 
through multiple tests, including with VTC users. 
• Multiple Input Options (#2): Both the pull switch and the button were plugged in to confirm 
that they could initiate a cycle without errors. Each was activated 10 times in a row with no 
problems, confirming that all input options worked with the device. If any future switches are 
implemented, they would need to be tested in the same way. 
• Multiple Spoons (#11): Due to different user needs, the device needed to accommodate use of 
different spoons sizes. Three different sizes were used (refer to the Spoon Sizes section of 
Chapter 4 for more information), and they were each bent to match the curvature of the bowl. 
All seven of the spoons being given to VTC have been tested with the setup, and it was 
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confirmed that they each scoop food effectively. Since they are all manually bent, some scoop 
better than others, but they can easily be modified if problems arise. 
• Utensils Easy to Remove (#12): The utensil is very easy to remove. This was confirmed by having 
several different people take off the spoon and replace it with another one. It takes just seconds 
to remove the spoon, and it is very clear how to use the knob to loosen or tighten the spoon. 
This meets the requirement of being removed in under 1 minute. 
• Quick Setup and Cleanup (#6): Since the full meal time for VTC users is just half an hour, it was 
important to make the design quick to work with when getting it set up for the user, as well as 
when changing from one food to another. When timed, it took around 4 minutes to set up the 
device, including adjusting the position, filling the bowl and installing it, and attaching the 
proper spoon. Cleanup was quick, at only 2.5 minutes. These match the specifications of being 
completed in less than 5 minutes each. 
• Single Place Setting (#13): To confirm that the device fit within a single place setting, the device 
was set up for varying users. In the worst case scenario, the device is curled around the arm, 
hovering over the table for a user at the edge of the table. This takes up just the 18” into the 
table, as well as about the same horizontal distance. This meets the specification of being within 
a 2.5’ x 2.5’ area on the table. When the user is farther from the table, the only area taken up is 
for the arm mount, which is much smaller than a place setting. 
• Force of Spoon and Food Supported (#17): This was an unofficial test to confirm that the device 
could hold the spoon and a bite of food without any issues caused for the motors or assembly. 
Through repeated use of the device, it was verified that the device could successfully support 
these forces on the end of the spoon shaft. 
• 3 Food Consistencies (#16): While arguably the most important specification to be met, the 
device did not pass on all three food types. While it can function with pureed foods or other 
continuous consistencies, it has trouble functioning with foods like sandwich bites where the 
spoon can run between pieces and miss. The spoon will pick up food from time to time for 
these, but it is not consistent. However, the device has successfully picked up numerous foods, 
including yogurt, pudding, mashed potatoes, applesauce, potato salad, macaroni salad, etc. 
Other Specifications 
• Waterproof (#7): While the device does not need to submergible, the intention was that 
cleaning would not affect the ability of the device to function. To confirm this, the device was 
used and washed multiple times with no issue. 
• Drop/Tip Test (#8): Once the initial specifications were determined at the beginning of the 
project, this specification kept needing to be modified. Originally it was intended that the device 
would hold up to being dropped or thrown. However, based on feedback from VTC, it was 
determined that that was not necessary. Instead, it was decided that holding up to normal 
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impacts would suffice. Based on how many times the device has been moved, set up, taken 
apart, and transported, the team believes it is a durable device that meets this requirement. 
• Efficient Power Consumption (#22): To make sure the battery would not die during a meal, the 
battery needed to last at least half an hour, preferably more than 1 hour to allow for two meals 
before recharging. However, during testing it was found that the battery hardly ever needed to 
be charged, and even when necessary, the device continued to function but just at a slower 
speed. Based on these results, it is recommended that the battery be charged after every three 
uses. 
• Durable and Long Life (#20): Essentially, this is the same requirement as the power 
consumption specification. While the other specification was specifically that the power would 
stay working, this was meant more than no damage would occur over multiple uses. The device 
was run over and over throughout testing, and no issues arose from use. 
• Inexpensive Maintenance (#21): The last requirement was that the device be cheap to repair if 
any problems arose. Based on analyzing the system, the most likely failure would be for one of 
the servo motors to fail, and a replacement gear set is only $13, which is well below the $50 
given in the requirement. The team is confident that maintenance will be inexpensive. 
Specification Verification Checklist and DVP&R 
To provide an organized layout of test plan details and test results, a Design Verification Plan and Report 
(DVP&R) was constructed (see Appendix A8).  The DVP&R provides test details such as test description, 
reason for testing, acceptance criteria, dates, etc.  Pass or fail results accompanied by notes are also 
documented using this form.    
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CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS 
How to Use the Device 
To safely use the product, the team recommends that a VTC staff member be present at all times during 
operation.  He or she will need to place food in a bowl, and then the bowl must be threaded onto the 
device, using a clockwise rotational motion, until the bowl bottoms out and the servo gears start to turn.  
The desired spoon may be attached at this time.  The person will need to securely set up the device to a 
rigid table, turn the rotary switch to the “home” position for initialization purposes, then to the “on” 
position to adjust the spoon to the correct orientation depending on the user.  He or she will then need 
to plug in the desired input (pull switch, button, or other device) and place it in easy reach of the user.   
When food levels are low and the device seems to stop consistently serving food, the VTC staff member 
may need to add food or attach a new bowl that has been filled with a higher level of food.  When thick 
consistencies of food are used, such as mashed potatoes for example, the food level served should be 
slightly lower to prevent breakage of the servo gears.  If large amounts of heavy, thick foods are served, 
the servo gear teeth may become overstressed.  This condition will be apparent given their sound and 
speed at which they operate.  If the device seems to be running slower or seems to be working harder 
than normal, charging the battery is recommended.  At any time, the battery level can be checked by 
plugging in the battery charger and reading the light indicator on the charger. 
When the device is not in use, it is imperative that the power switch be turned to the “off” position to 
prevent any accidental use. If the battery power becomes low during operation, as indicated by slow 
movement of all motor-driven components, it is advised that the device be shut off and plugged into the 
DC jack for charging. However, the device should be able to run for multiple meals before needing to be 
recharged. 
To clean the device, a damp sponge is recommended for wiping down exterior components.  Excess 
water may cause electrical components to become permanently damaged.  To clean or maintain any 
interior components, remove either the top or bottom panel of the device, as the other panels have not 
been designed to be removable. 
Conclusion 
After conducting extensive background research and selecting a final concept from the design 
development process, the team is confident that the final product will perform well and provide an ideal 
solution to VTC Enterprises. The team is pleased to provide VTC with a quality product, and anticipates a 
positive response from the users of the device. 
The Dining Assistant satisfied nearly all project requirements and specifications. Because components 
were selected after conducting appropriate engineering analysis and testing to support each decision, 
the team feels the final product has been optimized. The cost analysis and bill of materials are thorough, 
providing VTC with a means to track and organize parts and expenses. 
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It is recommended that the device only be used by individuals who are not likely to physically damage 
the unit. Although the Dining Assistant has been designed to withstand impacts and moderate abuse, 
subjecting the device to this type of environment is not recommended. 
We genuinely hope that VTC users will benefit from our device.  Hours of thought and hard work have 
gone into this project, and we are proud that it will be used by real people.  We thank our project 
sponsor VTC as a whole, Tracy Fairchild for her patience and dedication, and our professor Jim Widmann 
for advising our project. A photo of the final product is shown below in Figure 7.1. 
 
 
Figure 7.1. Final prototype of Dining Assistant. 
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APPENDIX A1: DESIGN REQUIREMENTS FROM CUSTOMER 
• The device must be safe 
• All materials used must be bio-compatible and nontoxic 
• The device must be easy to use and control 
• All components must be waterproof 
• The utensil attached to the device must bring the food close to the user’s mouth 
• There must be color contrast between the device and the surface it is on 
• The device must be adjustable for different users, as well as adaptable for multiple utensils and 
foods 
• Use of the device must be comfortable for the user 
• The device must be stable 
• The device must be robust 
• All parts must be easy to clean 
• The device must be portable 
• The device must have smooth motion during operation 
• The device must be lightweight 
• There must be sound and/or visual signals to alert the user 
• The device must be easily repairable 
• The device must fit within a single place setting 
• The device must be simple 
• The device must be easy to duplicate 
• The device must be inexpensive 
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APPENDIX A2: HOUSE OF QUALITY 
 
 
Figure A2.1. House of Quality chart, showing the correlations between customer 
requirements and design specifications. 
The House of Quality is a chart used to list the customer requirements and cross-reference them with 
the design specifications. The two are then correlated to verify that all requirements are measurable 
with given specifications. For an analysis of the results from the chart shown in Figure 18 above, please 
refer to the Design Requirements and Specifications section in the main portion of this document. 
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APPENDIX A3: ADDITIONAL IDEAS CONSIDERED 
During the idea generation stage, the team generated numerous ideas, eliminating those that did not 
make practical sense. For the sake of thoroughness, ideas that were not top concepts are included 
below. A short description, along with a sketch, is included for each one. 
 
Tunnel/Conveyor Belt 
Food is loaded manually onto the conveyor belt. As the conveyor belt advances in set increments, food 
is pushed down onto the spoon by a plunger. The spoon rotates about a pivot point in a horizontal plane 
and delivers the food to the user. 
 
 
Figure A3.1. Conveyor belt, plunger and pivoting spoon. 
Rising Banana Bowl 
With each pass of the spoon, the bowl rises by a set increment to make sure there is food to be scooped 
and to control the portion size. Additionally, the excess removal flap further controls the portion size. 
 
 
Figure A3.2. Rising banana bowl. 
  
Scoop and Clamp (similar to My Spoon)
The spoon is moved by a linkage or robotic arm in desired path to scoop up food. A clamp on top of the 
spoon prevents food from falling off the spoon.
Figure A3.3
Crane to Lift Food 
A crane assembly rotates about a pivot point, picks u
mouth.  This design was inspired by the mechanics of an excavator.
Spoon with Integrated Containers
A number of containers are attached to the spoon handle so that pureed food can be sque
directly onto the spoon in controlled portion sizes and desired order. The spoon is attached to an 
adjustable arm in order to get the spoon as close to the user as possible.
Figure A3.5
  
 
 
 
. Scooper, based on My Spoon product. 
p food from the plate and drops it into user’s 
 
 
Figure A3.4. Crane. 
 
 
. Spoon with integrated containers. 
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Ferris Wheel 
A number of spoons are attached perpendicularly to a conveyor belt or a wheel, which moves in 
increments to bring food one portion at a time to the user.  This design was inspired by the mechanics of 
a Ferris wheel. 
 
Figure A3.6. Ferris wheel design. 
Rotating Bowl with Cone in Center 
Food is loaded onto a plate and is forced by gravity into a circular groove. The plate rotates and forces 
food onto the stationary spoon. The spoon’s profile matches the profile of the plate to maximize food 
pickup. The spoon rotates to a horizontal orientation and delivers the portion to the user.  
 
 
Figure A3.7. Rotating bowl with cone in center. 
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APPENDIX A4: PROJECT GANTT CHART 
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Figure A4.1. Gantt Chart showing project tasks and relationships. 
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APPENDIX A5: SUPPORTING ANALYSIS 
Motor Torque Equations 
∑  0  	
  
 -  *    :::>   
   = 
   !"
#$!# !"
*                 %& ''  =   *  
Table A5.1. Torque calculations after torque test rig analysis. 
 
Spoon Shaft Deflection Equations 
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Table A5.2. Shaft Deflection as a function of diameter. 
 
 
Figure A5.1. Shaft Deflection vs. Diameter.  A 3/8” shaft was chosen after this analysis. 
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APPENDIX A6: BILL OF MATERIALS  
Table A6.1.  Bill of Materials for prototype, showing that the total cost will be $934.84. 
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APPENDIX A7: COMPONENT DETAILS  
 
Figure A7.1. Ergotron Neo-Flex LCD Desk Mount Arm spec sheet. 
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Figure A7.1. Ergotron Neo-Flex LCD Desk Mount Arm spec sheet. 
 Figure A7.2. Arduino Uno and motor shield spec sheet. 
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Figure A7.3. Bowl servo spec sheet. 
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Figure A7.4. Spoon servo spec sheet. 
Figure A7.
 
 
 
 
 
5. Mini linear actuator spec sheet. 
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Figure A7.6. Linear guide dimensional spec. sheet
 
.  Model purchased is SRS 12M. 
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Figure A7.7. Linear guide lo
 
ading spec. sheet.  Model purchased is SRS 12M. 
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APPENDIX A8: DESIGN VERIFICATION PLAN 
Table A8.1.  Design Verification Plan with test descriptions and timelines. For a more thorough description of 
testing, see Test Descriptions and Equipment, located in Chapter 6. 
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APPENDIX A9: PART DRAWINGS 
Please see attached pages for part drawings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SPANNER 
MACHINE SCREW
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.01 LBS
SCALE                  1:1
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
DRAWING NUMBER   101
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
MOUNTS LINEAR ACTUATOR TO FRAME
UNMACHINED ANGLES  
TOLERANCES
.015" 
1
UNMACHINED                 
.015"MACHINED             0.00  
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
94135A636
0100
3/8"-16 3" 
LENGTH 
CUT BOLT TO LENGTH 
PER DRAWING
2.50
.315
9.49
.315
SRS 12M
TO OUTER HOLE CENTERS
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.35 LBS
SCALE                  1:2
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
GUIDE RAIL
DRAWING NUMBER 0102
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
SS
LINEAR 
MM LENGTH PURCHASED
USE THK MODEL SRS 12M 320 
.015" 
1
UNMACHINED                 
.015"MACHINED             0.00  
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEGUNMACHINED ANGLES  
CUT THE RAIL TO 9.49 IN, .315 IN 
0800
2.041
2.74
.175
.175
.175
.175 .156
.156
.118
.118
.190.190
.118
3.15
.118
2.000
2.143
.370
.820
1.555
2.146
.571
2.546
.291
2.950
.772
1.560
1.952
2.452
NOTES
ALL DIMENSIONS IN INCHES
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED WEIGHT         0.10 LBS
SCALE                  1:1
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
Senior Project 
1DEG
MOUNT
DRAWING NUMBER 0103
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6061 T6511 USE 1/8" THICK ALUMINUM PLATE 1
PY
PY
SAS
JAD
GUIDE SERVO 
LINEAR 
TOLERANCES
.015" UNMACHINED                 
.015"MACHINED             0.00  
.005
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
UNMACHINED ANGLES  
0100
.175
.38
.19
.20
.65
.175
.175
.76
.36
.19
.175
104
1DEG
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.01 LBS
SCALE                  2:1
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
BRACKET
DRAWING NUMBER
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
MACHINED  HOLES           0.000 +.005
SERVO 
.015" 
2
UNMACHINED                 
.015"MACHINED             0.00  
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
UNMACHINED ANGLES  
0100
.13
1.00
1.00
.13
SHOWN AT 74 DEG
1DEG
2010-2011
PART # QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
ITEM
Senior Project 
WEIGHT         0.06 LBS
SCALE                  1:1
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
UNLESS OTHERWISE SPECIFIED
TOLERANCES
LINK
DRAWING NUMBER    105
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
DINING ASSISTANT
ACTUATOR 
FEB 01 2011
AL T6061 
MACHINED             0.000
T6511
CONNECTS LINEAR ACTUATOR 
.015" 
TO SERVO MOUNTING PLATE
   -.000
1
UNMACHINED                 
.005
PY
PY
SAS
JAD
NOTES
MACHINED             0.00  .015"
ALL DIMENSIONS IN INCHES
MACHINED  HOLES           0.000 +.005
UNMACHINED ANGLES  
BEND 90 DEG IN THE LOCATION 
0100
.38
.38R
74°
.52
.190
5.0
.190
.250
.75
5.43
6.31
74°
ADJUSTABLE ARM TO BODY MOUNT1
2010-2011
PART # QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         
SCALE                  1:1
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
ARM MOUNT
DRAWING NUMBER 106
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
ITEM
TOLERANCES
.015" UNMACHINED                 
.015"MACHINED             0.00  
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
ON PROVIDED ARM MOUNT
UNMACHINED ANGLES  
DRILL THE DIMENSIONED HOLES 
0100
2.88
 TYP.281
.53
.53
3.57
2.53
A10.88
.375
DETAIL A 
SCALE 2 : 1
M4x0.7 Tapped Hole
.500
.280
.150
.350
.125
SPOON FLAT SPOT
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.34 LBS
SCALE                  1:2
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
SHAFT
DRAWING NUMBER 0201
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
SS 303 USE 3/8" STAINLESS ROD
1DEG
SPOON 
.015" 
1
UNMACHINED                 
.015"MACHINED             0.00  
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
UNMACHINED ANGLES  
MACHINE 1/16" OFF FOR THE 
0100
.125
CLC
BEND 90 DEG IN THE LOCATION 
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.01 LBS
SCALE                  1:1
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
BITE SPOON
DRAWING NUMBER 0202
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
SS 303 SMALLER SPOON
SHOWN
GERBER SOFT 
.015" 
1
UNMACHINED                 
.015"MACHINED             0.00  
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEGUNMACHINED ANGLES  
B0018OH
0100
.27
3.70
.157
2.16
.125
.200
1DEG
MACHINED  HOLES           0.000 +.005
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.28 LBS
SCALE                  1:1
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
MACHINED             0.000
PLATE
DRAWING NUMBER 0301
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
SS 303 USE 2" STAINLESS BAR
BOWL NUT 
MOUNTING 
.015" 
1
UNMACHINED                 
.015"MACHINED             0.00  
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
UNMACHINED ANGLES  
0300
3/8-16 Tapped Hole
.330
2.00
115°
.55
115°
1.17
.56
302
BEND PER DRAWING
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED WEIGHT         0.03 LBS
SCALE                  1:1
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
Senior Project 
NOTES
FRONT
DRAWING NUMBER
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6061 T6511
MOUNT BAR 
PLATE FLAT BAR 1
PY
PY
SAS
JAD
USE 1" x 1/8" THICK ALUMINUM 
SERVO 
TOLERANCES
.015" UNMACHINED                 
.015"MACHINED             0.00  
.005
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
ALL DIMENSIONS IN INCHES
UNMACHINED ANGLES  
0300
.30
.180
1.00
.180
.19
1.50
.281
1.74
.70
303
BEND PER DRAWING
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED WEIGHT         0.04 LBS
SCALE                  1:2
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
Senior Project 
NOTES
BACK
DRAWING NUMBER
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6061 T6511
MOUNT BAR 
PLATE FLAT BAR 1
PY
PY
SAS
JAD
USE 1" x 1/8" THICK ALUMINUM 
SERVO 
TOLERANCES
.015" UNMACHINED                 
.015"MACHINED             0.00  
.005
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
ALL DIMENSIONS IN INCHES
UNMACHINED ANGLES  
0300
.55
151°
1.17151°
.62
.70
.281
3.09
.19
1.00
.50
.30
.180
.180
.31
92245A661
CUT BOLT TO SIZE
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.038 LBS
SCALE                  2:1
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
1DEG
SHAFT
DRAWING NUMBER 0304
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
SS 316L USE 3/8"-16 BOLT PROVIDED
BOWL SERVO 
THREADED 
.015" 
1
UNMACHINED                 
.015"MACHINED             0.00  
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
UNMACHINED ANGLES  
0300
.375
.91
1.24
2.50
10.00
90°
2.25
.266
.50
R  TYP.1
.25
305
BEND PER DRAWING
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED WEIGHT         0.21 LBS
SCALE                  1:2
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
Senior Project 
NOTES
GUARD
DRAWING NUMBER
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
SS 303
FOOD 
FLAT BAR 1
PY
PY
SAS
JAD
USE .5" x 1/8" THICK STAINLESS 
ADJUSTABLE 
TOLERANCES
.015" UNMACHINED                 
.015"MACHINED             0.00  
.005
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
ALL DIMENSIONS IN INCHES
UNMACHINED ANGLES  
0400
3.00
7.70
3.75
.25
.50
1.95
.25
.25
1.45 2.50
1.90
1.45 2.50 1.25 1.10
.15
.50
4.60 1.20
1.551.60
.10 TYP
Senior Project 
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
TOLERANCES
WEIGHT         0.15 LBS
SCALE                  1:1
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
DRAWING NUMBER
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
JUN 01 2011
ACRYLIC ELECTRONICS PANEL
UNMACHINED                 .015" 
1
MACHINED             0.00  .015"
MACHINED             0.000 .005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
MACHINED  HOLES           0.000 +.005
   -.000
UNMACHINED ANGLES  1DEG
USE TABLE SAW, VERTICAL
BANDSAW, DRILL PRESS
JUN 01 2011
JUN 01 2011
JUN 01 2011
USED FOR ARDUINO 
AND PCB 
MOUNTING
306
.13
1.85
.191 TYP
2.05
.35
.85
1.20
.13
2.60
.60
.25
1.25
Senior Project 
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
TOLERANCES
WEIGHT         0.06 LBS
SCALE                  1:1
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
DRAWING NUMBER
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
JUN 01 2011
6061 
ALUMINUM
PULL SWITCH BRACKET
UNMACHINED                 .015" 
1
MACHINED             0.00  .015"
MACHINED             0.000 .005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
MACHINED  HOLES           0.000 +.005
   -.000
UNMACHINED ANGLES  1DEG
USE VERTICAL
BANDSAW, DRILL PRESS
JUN 01 2011
JUN 01 2011
JUN 01 2011
MOUNTS THE PULL
SWITCH TO THE C-
CLAMP
307
4.50
.50
.83
1.75
2.00
1.00
3.75
1.50
1.63
1.02
R3.60
4.00
5.13
.191 TYP
.50
.50
3.75
6.08
8.11
2.00
3.00
Senior Project 
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
TOLERANCES
WEIGHT         0.14 LBS
SCALE                  1:2
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
DRAWING NUMBER
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
JUN 01 2011
POLYCARB
1/8"
POLYCARBONATE FOOD 
GUARD
UNMACHINED                 .015" 
1
MACHINED             0.00  .015"
MACHINED             0.000 .005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
MACHINED  HOLES           0.000 +.005
   -.000
UNMACHINED ANGLES  1DEG
USE TABLE SAW, VERTICAL 
BANDSAW, HEAT GUN 
DRILL PRESS
JUN 01 2011
JUN 01 2011
JUN 01 2011
PREVENTS THE FOOD 
FROM SPILLING OUT 
OF THE BOWL
308
2.68
5.40
4.00
.55
.50
3.30
.20
.90
.90
.50
3.30
.50.191 TYP
Senior Project 
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
TOLERANCES
WEIGHT         0.12 LBS
SCALE                  1:1
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
DRAWING NUMBER
SHEET 1 OF 1 REV 
NEXT ASSEMBLY
JUN 01 2011
303 STAINLESS
1/32" THICK
BATTERY MOUNT
UNMACHINED                 .015" 
1
MACHINED             0.00  .015"
MACHINED             0.000 .005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
MACHINED  HOLES           0.000 +.005
   -.000
UNMACHINED ANGLES  1DEG
USE SHEAR CUTTER, 
DRILL PRESS, SHEET METAL 
BENDER
JUN 01 2011
JUN 01 2011
JUN 01 2011
MOUNTS THE 
BATTERY TO THE 
BODY
309
6.88
17.25
2.63
.69
.69
4.32
7.95
12.26
16.56
4.06
7.44
3.50
6.31
4.53
.281 TYP
8.00
.44
1.48
3.48
2.06
7.56
0500
HOLE WITH A DRILL PRESS
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.54 LBS
SCALE                  1:4
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
POLY PANEL
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
1/8" POLYCARBONATE SHEET LHS HOUSING PANEL
 LEFT SIDE 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEGUNMACHINED ANGLES  
LASER CUT TO SHAPE, DRILL 
401
0500
HOLE WITH A DRILL PRESS
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.54 LBS
SCALE                  1:4
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
POLY PANEL
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
1/8" POLYCARBONATE SHEET RHS HOUSING PANEL
 RIGHT SIDE 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEGUNMACHINED ANGLES  
LASER CUT TO SHAPE, DRILL 
402
3.75
16.56
17.25
2.63
7.00
.69
.69
2.81 2.81
2.06
7.44
7.44
5.25
4.32
7.95
12.26
8.00
7.50 7.65
.94.281 TYP
1.75
4.06
9.56
403
CENTERLINE
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.43 LBS
SCALE                  1:4
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
PANEL
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
1/8" POLYCARBONATE SHEET TOP HOUSING PANEL
UNMACHINED ANGLES  
TOP POLY 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
LASER CUT TO SHAPE, DRILL 
HOLES WITH A DRILL PRESS, 
SYMMETRIC ABOUT VERTICAL 
0500
9.13
10.38
7.75
.69
1.13
.69
1.13
3.88
5.13
 TYP.281
9.56
0500
HOLES WITH A DRILL PRESS
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.33 LBS
SCALE                  1:2
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
PANEL
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
1/8" POLYCARBONATE SHEET REAR HOUSING PANEL
REAR POLY 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEGUNMACHINED ANGLES  
LASER CUT TO SHAPE, DRILL 
404
5.17
 TYP.281
8.00
7.75
.81
3.88
6.94
.69
2.06
7.44
0500
HOLE WITH A DRILL PRESS
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.70 LBS
SCALE                  1:4
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
POLY PANEL
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
1/8" POLYCARBONATE SHEET BOTTOM HOUSING PANEL
BOTTOM 
.015"
2
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEGUNMACHINED ANGLES  
LASER CUT TO SHAPE, DRILL 
405
16.25
17.25
7.50
.56
1.00
3.75
6.50
6.94
.56 1.00
4.81
8.63
12.44
16.69
.281 TYP
0500
HOLES WITH A DRILL PRESS
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.11 LBS
SCALE                  1:2
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
PANEL
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
1/8" POLYCARBONATE SHEET FRONT HOUSING PANEL
FRONT POLY 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEGUNMACHINED ANGLES  
LASER CUT TO SHAPE, DRILL 
406
2.06
7.75
.81
3.88
6.94
2.63
.69
.281 TYP
1.13
3.63
7.75
6.13
3.75
.69
7.13
1.13
.875
 TYP.281
3.88
.69
6.56
UNMACHINED ANGLES  
   -.000
MACHINED             0.000 2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
PRESS
0500
Senior Project 
WEIGHT         0.58 LBS
SCALE                  1:2
LAYOUT
DRAWN
CHECKED
APPROVED
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
TOLERANCES
POLY PANEL
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
DATE
DINING ASSISTANT
UNDER BOWL 
1/4" POLYCARBONATE SHEET
MACHINED  HOLES           0.000 +.005
1DEG
.015"
UNDER BOWL HOUSING PANEL
UNMACHINED
.005
PY
PY
SAS
JAD
1
MACHINED             0.00
NOTES
ALL DIMENSIONS IN INCHES
.015"
CUT TO SHAPE ON A BAND 
SAW, DRILL HOLES WITH A DRILL 
407
FRONT
FRONT
0500
MILL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.50 LBS
SCALE                  1:2
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  
PANEL
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
1/4" POLYCARBONATE SHEET BEHIND BOWL HOUSING PANEL
BEHIND 
BOWL POLY 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
NOTES
ALL DIMENSIONS IN INCHES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
CUT TO SHAPE ON A BAND 
SAW, DRILL HOLES WITH A DRILL 
PRESS, COUNTERBORE ON A 408
5.31
7.50
6.38
R1.0
.59
3.54
5.1
5.81
.4
.69
3.75
.469 THRU
6.81
.047.688
.281 TYP
1.00
1.00
.281 TYP
17.25
1.00
4.81
8.63
12.44
16.25
.56
0600
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.37 LBS
SCALE                  1:4
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  
LOWER LEFT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
L-BEAM 
FRAMING - 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
BARE ANGLE 
USE ALUMINUM BLADE, 
CONFIRM THE 45 DEG ANGLE 
409
16.56
.69
4.32
7.95
12.26
.56
1.00
1.00
16.56
.69
4.99
9.30
12.93
.56
16.25
45°
17.25
.56
1.00
4.81
8.63
12.44
45°
.281 TYP
0600
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.37 LBS
SCALE                  1:4
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  
LOWER RIGHT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
L-BEAM 
FRAMING - 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
BARE ANGLE 
USE ALUMINUM BLADE, 
CONFIRM THE 45 DEG ANGLE 
410
6.50
45°
7.50
1.00
 TYP.281
3.75
45°
.56
0600
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.15 LBS
SCALE                  1:2
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  
UPPER REAR
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
FRAMING - LOWER 
REAR, BOWL FRONT, 
.015"
3
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
BARE ANGLE L-BEAM 
USE ALUMINUM BLADE, 
CONFIRM THE 45 DEG ANGLE 
411
1.00
1.00
6.81
.69
3.75
.56
412
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.21 LBS
SCALE                  1:4
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  
UPPER LEFT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
L-BEAM 
FRAMING - 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
BARE ANGLE 
USE ALUMINUM BLADE, 
CONFIRM THE 45 DEG ANGLE 
0600
1.00
1.00
.56
45°
10.00
45°
1.00
5.00
9.00
.281 TYP
.44
1.48
3.48
5.00
9.31
.56
413
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.21 LBS
SCALE                  1:4
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  
UPPER RIGHT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
L-BEAM 
FRAMING - 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
BARE ANGLE 
USE ALUMINUM BLADE, 
CONFIRM THE 45 DEG ANGLE 
0600
1.00
1.00
9.00
45°
10.00
45°
 TYP.281
1.00
5.00
.56
.51
.69
1.50
3.50
5.00
9.31
.56
.35
RIGHT
TOP
FRONT
414
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.15 LBS
SCALE                  1:2
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
FRAMING - UPPER FRONT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
UNMACHINED ANGLES  
BARE ANGLE L-BEAM 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
USE ALUMINUM BLADE, 
CONFIRM THE 45 DEG ANGLE 
0600
1.00
1.00
6.50
45°
7.50
45°
1.00
3.75
.281 TYP
.56
R.28.69
3.75
6.81
1.1
3.50
.56
.69
6.311.00
45.0°
7.00 5.00
45.0°
2.50
2.50
.56
415
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.14 LBS
SCALE                  1:2
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  1DEG
BOWL RIGHT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
6063 T52 1" x 1/8" ALUMINUM ANGLE
FRAMING  - 
BOWL LEFT, 
.015"
2
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
BARE ANGLE 
L-BEAM 
USE ALUMINUM BLADE, 
CONFIRM THE 45 DEG ANGLE 
0600
1.00
1.00
0600
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.14 LBS
SCALE                  1:2
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  1DEG
BOWL REAR
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
BEAM 
FRAMING - 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
BARE 
ANGLE L-
USE ALUMINUM BLADE, 
CONFIRM THE 45 DEG ANGLE 
416
1.00
1.00
.56
45°
7.50
45°
1.00
3.75
6.50
.281 TYP
3.75
.56
R1.0.69
2.45
1.4
6.81
0600
USE ALUMINUM BLADE
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.16 LBS
SCALE                  1:2
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
1DEG
MACHINED  HOLES           0.000 +.005
GUIDE REAR
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
FRAMING - LINEAR 
GUIDE FRONT LINEAR 
.015"
2
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
BARE ANGLE L-BEAM 
UNMACHINED ANGLES  
417
1.00
1.00
.281 TYP
7.00
.44
6.56
.56
3.50
.33
.152
1.00
1.00
0600
SHORT RIGHT
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.17 LBS
SCALE                  1:1
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
USE ALUMINUM BLADE, 
TOLERANCES
.015"
2
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEGUNMACHINED ANGLES  
WITH SCRAP MATERIAL
CONFIRM THE 90 DEG ANGLE 
BARE ANGLE L-BEAM 
FRAMING - VERTICAL 
SHORT LEFT, VERTICAL 
418
1.81
2.25
.56
.44
.281 TYP
1.81
.44
.56
7.197.63
.56
.44
2.71
5.81
.281 TYP
3.81
.56
.44
7.19
TOP VIEW
0600
REAR RIGHT
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.17 LBS
SCALE                  1:2
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
USE ALUMINUM BLADE, 
TOLERANCES
.015"
2
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEGUNMACHINED ANGLES  
WITH SCRAP MATERIAL
CONFIRM THE 90 DEG ANGLE 
BARE ANGLE L-BEAM 
FRAMING - VERTICAL 
FRONT LEFT, VERTICAL 
419
1.00
1.00
TOP VIEW
420
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.17 LBS
SCALE                  1:2
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  1DEG
FRONT RIGHT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
FRAMING - 
VERTICAL 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
BARE ANGLE 
L-BEAM 
USE ALUMINUM BLADE, 
CONFIRM THE 90 DEG ANGLE 
0600
1.00
1.00
7.19
7.63
.56
.44
1.81
4.92
.281 TYP
3.81
.44
7.19
.56
1.00
1.00
421
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.17 LBS
SCALE                  1:2
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  1DEG
REAR LEFT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
FRAMING - 
VERTICAL 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
BARE ANGLE 
L-BEAM 
USE ALUMINUM BLADE, 
CONFIRM THE 90 DEG ANGLE 
0600
.56
.44
4.28
6.63
.31
7.197.63
.56
.44
1.81
4.92
.281 TYP
.386
2.49
.53
.281 TYP
45°
7.50
45°
1.00
3.75
6.50
.56
1.00
1.00
0600
WITH SCRAP MATERIAL
2010-2011
PART # ITEM QTY. MATERIAL DESCRIPTION
BILL OF MATERIAL
UNLESS OTHERWISE SPECIFIED
Senior Project 
WEIGHT         0.15 LBS
SCALE                  1:2
LAYOUT
DRAWN
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
UNMACHINED ANGLES  
LOWER FRONT
DRAWING NUMBER
SHEET 1 OF 1 REV
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
AL 6063 T52 1" x 1/8" ALUMINUM ANGLE
L-BEAM 
FRAMING - 
.015"
1
UNMACHINED
.015"MACHINED             0.00
.005
PY
PY
SAS
JAD
CHECKED
ALL DIMENSIONS IN INCHES
NOTES
   -.000
MACHINED             0.000
MACHINED  HOLES           0.000 +.005
1DEG
BARE ANGLE 
USE ALUMINUM BLADE, 
CONFIRM THE 45 DEG ANGLE 
422
3.75
.56
.69
6.81
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APPENDIX A10: ASSEMBLY DRAWINGS 
Please see attached pages for assembly drawings. 
 
N/A
N/A
TOLERANCES
N/A
Senior Project 
WEIGHT
SCALE 1:3
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
2010-2011
N/A
DINING ASSISTANT
MOTION ASSEMBLY
DRAWING NUMBER 0100
SHEET 1OF 3 REV A
UNMACHINED
MACHINED
UNMACHINED ANGLES
ALL DIMENSIONS IN INCHES
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
NOTES
UNLESS OTHERWISE SPECIFIED
SAS
SAS
PY
JAD
LINEAR MOTION AND 
ROTARY SPOON 
0800
1
13
16
4
7
6
17
8
10
15
12
3
9
18
14
11
52
19
N/A
N/A
2010-2011
Senior Project 
WEIGHT
SCALE 2:3
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
N/A
MOTION ASSEMBLY
DRAWING NUMBER 0100
SHEET 2OF 3 REV A
UNMACHINED
MACHINED
UNMACHINED ANGLES
ALL DIMENSIONS IN INCHES
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
NOTES
UNLESS OTHERWISE SPECIFIED
SAS
SAS
PY
JAD
N/A
LINEAR MOTION AND 
ROTARY SPOON 
0800
22
28
20
21
27
25
26
21
23
24
Senior Project 
2010-2011
QTY. DESCRIPTION
BILL OF MATERIAL
TOLERANCES
WEIGHT
SCALE N/A
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
LINEAR MOTION AND 
SPOON ROTARY 
MOTION ASSEMBLY
DRAWING NUMBER 0100
SHEET 3OF 3 REV A
UNMACHINED
MACHINED
UNMACHINED ANGLES
ALL DIMENSIONS IN INCHES FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
NOTES
1
3
4
5
6
7
8
DWG #
0202
ITEM
UNLESS OTHERWISE SPECIFIED
2
PART #
-
RB-SCT-61
94135A231
91800A181
6371K114
-
97395A435
62935K11
B001OHCLC
-
-
-
-
-
-
-
2
1
1
2
1
1
1
1
1
MATERIAL
9
SAS
SAS
PY
JAD
N/A
N/A
N/A
N/A
20417-10
2-90730A01111
SPANNER MACHINE SCREW, 3/8"-16 THREAD, 3" 
LENGTH
1 18-8 SS0422-14
1-92415A12913
1-90670A03112 AL
ZN-PLT STL
18-8 SS
AL 6063 
T6511
SS
AL 6061 T6
18-8 SS
18-8 SS
RULON 642
SS 303
SS 316
3/8" ID SPACER, 5/8" LENGTH
ALUMINUM HEX NUT, 3/8"-16 THREAD, 21/64" 
HEIGHT
UNDERSIZED MACHINE SCREW HEX NUTS, 10-24 
THREAD, 7/64" HEIGHT
BARE ANGLE L-BEAM FRAMING - LINEAR 
GUIDE FRONT, LINEAR GUIDE REAR
THK LINEAR GUIDE RAIL
SERVO-TO-SHAFT COUPLER FOR SPOON 
ROTATION
SPANNER MACHINE SCREW, 10-24 THREAD, 
0.5" LENGTH
CHEESE HEAD SLOTTED SCREW, M3.5x10
FLANGED SLEEVE BEARING, 3/8" ID, 15/32" OD
3/8" SPOON SHAFT
1/8" DIAMETER DOWEL, 3/8" LENGTH
M4x0.7 NYLON KNOB WITH THREADED STUD
GERBER SOFT-BITE SPOON
RUNYN LINEAR ACTUATOR, 150 MM STROKE
M6 HEX NUT
M3.5 HEX NUTS
BARE ANGLE L-BEAM FRAMING - SPOON 
SERVO MOUNT L-BRACKETS
SERVO MOTOR FOR SPOON ROTATION
PAN HEAD PHILLIPS SCREW M3x6
ROUND HEAD PHILLIPS MACHINE SCREW 6-32 
THREAD, 0.5" LENGTH
MOUNTED BEARING FOR SPOON SHAFT
SERVO TO LINEAR GUIDE ALUMINUM PLATE, 
1/8" THK, 3" WIDE
UNDERSIZED MACHINE SCREW HEX NUTS, 6-
32 THREAD, 0.25" HEIGHT
MLD STL
MLD STL
AL 6063 
T6511
ZN-PLT STL
AL 6063 
T6511
AL 6063 
T6511
-
ZN-PLT STL
ZN-PLT STL
AL,
SS 440C
ZN-PLT STL
AL 606127 - 0103 1
90760A007 - 2
26 8600N5 - 1
25 - 2
24
MATERIAL
1
1
2
8
2
1
4
8
-
-
-
-
0104
-
-
-
90592A016
90591A131
-
326455
94387A206
PART #
17
-
DWG #
23
22
21
20
19
18
DESCRIPTIONQTY.ITEM
NYLON,
ZN-PLT STL
?
90279A148
15
16 - 0105 1 AL 6061 
T65-12
ACTUATOR TO SPOON SERVO MOUNT LINK, 
1/8" THK, 3/4" WIDE
0800
NEXT ASSEMBLY
PAN HEAD PHILLIPS MACHINE SCREW, M6x2518-8 SS1-92000A438
0201
28
ROUND HEAD PHILLIPS MACHINE SCREW 8-32 
THREAD, 0.5" LENGTH
90279A194
UNDERSIZED MACHINE SCREW HEX NUTS, 8-32 
THREAD, 0.25" HEIGHT
90760A009
A REFERENCE
AL 6061 
2010-2011
QTY. DESCRIPTION
BILL OF MATERIAL
Senior Project 
WEIGHT
SCALE 1:2
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
ASSEMBLY
DRAWING NUMBER 0300
SHEET 1OF 1 REV A
UNMACHINED
MACHINED
UNMACHINED ANGLES
ALL DIMENSIONS IN INCHES
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
NOTES
1
3
4
5
6
7
8
10
12
13
11
DWG #
SOLID WHITE 7" SALAD BOWLMELAMINE-
-
-
-
-
-
BOWL ROTATION 
PLATE FOR BOWL
2" DIAMETER ROUND THREADED MOUNTING 
3/8"-16 THREAD
FLANGED BALL BEARING, 3/8" ID 7/8" OD
RC CONTINUOUS ROTATION SERVO
THREADED MOUNTING SHAFT FOR BOWL, 
BOWL BASE
POLYCARBONATE RECTANGULAR PANEL, 
BRACKET, FRONT
BOWL ROTATION RC SERVO MOUNTING 
BRACKET, REAR
HITEC SERVO COUPLER, 3/8" TO SERVO SPLINE
BOWL ROTATION RC SERVO MOUNTING 
10-24 THREAD, 7/64" HEIGHT
UNDERSIZED MACHINE SCREW HEX NUTS, 
THREAD, 0.5" LENGTH
ROUND HEAD PHILLIP MACHINE SCREW, 8-32 
THREAD, 7/32" HEIGHT
UNDERSIZED MACHINESCREW HEX NUT, 8-32 
FRONT/BOWL REAR
ZN-PLT STL
18-8 SS
AL 6061 T6
POLYCARBONATE
BARE ANGLE L-BEAM FRAMING - BOWL 
T52
-
SS 440C
18-8 SS
SS 304
ITEM
UNLESS OTHERWISE SPECIFIED
2
PART #
90760A009
90279A194
90730A011
RB-SCT-78
-
-
-
-
1248
SFR6-ZZ
92198A634
-
-
0303
0302
0407
0411/0416
-
0304
0301
2
4
4
2
1
1
1
1
1
1
1
1
1
MATERIAL
ZN-PLT STL
9
AL 6063 
T6511
AL 6061 
T6511
SAS
SAS
PY
JAD
N/A
N/A
N/A
N/A
POLYCARBONATE SHEET AND 
ALUMINUM FRAME PIECES 
BELONG TO FRAMING 
ASSEMBLY, BUT ARE SHOWN AS 
0800
4
13
2
7
3
9
8
5
11
12
10
1
6
A REFERENCE
AL 6063 
2010-2011
QTY. DESCRIPTION
BILL OF MATERIAL
Senior Project 
WEIGHT
SCALE 1:3
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
ASSEMBLY
DRAWING NUMBER 0400
SHEET 1OF 1 REV A
UNMACHINED
MACHINED
UNMACHINED ANGLES
ALL DIMENSIONS IN INCHES
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
NOTES
1
3
4
5
6
7
8
DWG #
FOOD GUARDSS 3040305
-
FOOD GUARD 
LENGTH
COMFORT-GRIP 3-ARM KNOB, 1/4"-20 STUD, 1" 
0.75" LENGTH
1/4" SPACER, 3/16" THK
#10 SPACER, 3/8" THK
SPANNER MACHINE SCREW, 10-24 THREAD, 
THREAD, 7/64" HEIGHT
POLYCARBONATE SIDE PANEL, RIGHT
BARE ANGLE L-BEAM FRAMING, UPPER RIGHT
1/4"-20 ALUMINUM HEX NUT, 7/32" HEIGHT
18-8 SS
ALUMINUM
18-8 SS
18-8 SS
18-8 SS
RUBBER
ITEM
UNLESS OTHERWISE SPECIFIED
2
PART #
-
-
90730A011
90670A029
92320A544
92320A661
94135A233
2776K22
-
0413
0402
-
-
-
-
-
1
1
1
1
1
1
1
1
1
MATERIAL
9
UNDERSIZED MACHINE SCREW HEX NUT, 10-24 
T52
POLYCARBONATE
SAS
SAS
PY
JAD
N/A
N/A
N/A
N/A
POLYCARBONATE SHEET AND 
ALUMINUM FRAME PIECES 
BELONG TO FRAMING 
ASSEMBLY, BUT ARE SHOWN AS 
0800
8
1
6
7
4
5
3
2
9
11 NYLON 6/6
POLYCARBONATE
POLYCARBONATE
2010-2011
QTY.
-94639A447
Senior Project 
WEIGHT
SCALE 1:6
LAYOUT
DRAWN
CHECKED
APPROVED
DESCRIPTION
BILL OF MATERIAL
TOLERANCES
CASING ASSEMBLY
DRAWING NUMBER 0500
SHEET 1OF 1 REV A
UNMACHINED
MACHINED
UNMACHINED ANGLES
ALL DIMENSIONS IN INCHES
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
NOTES
1
3
4
5
6
7
8
DWG #
DATE
DINING ASSISTANT
0403
0404
POLYCARBONATE 
LOWER FRONT
POLYCARBONATE RECTANGULAR PANEL, 
0.75" LENGTH
ITEM
UNLESS OTHERWISE SPECIFIED
2
PART #
94135A233
-
-
-
-
-
-
-
-
-
0408
0406
0401
0402
0405
0407
1
27
1
1
1
1
1
1
1
MATERIAL
9 18-8 SS
POLYCARBONATE
SAS
SAS
PY
JAD
N/A
N/A
N/A
N/A
0700
18-8 SS61-
POLYCARBONATE RECTANGULAR PANEL, 
UPPER FRONT
SPANNER MACHINE SCREW, 10-24 THREAD, 
0.5" THREAD
POLYCARBONATE SIDE PANEL, LEFT
POLYCARBONATE SIDE PANEL, RIGHT
94135A32110
SPANNER MACHINE SCREW, 10-24 THREAD, 
BOWL BASE
POLYCARBONATE RECTANGULAR PANEL, TOP
POLYCARBONATE
POLYCARBONATE
POLYCARBONATE
POLYCARBONATE
POLYCARBONATE
POLYCARBONATE RECTANGULAR PANEL, REAR
POLYCARBONATE RECTANGULAR PANEL, BASE
POLYCARBONATE RECTANGULAR PANEL, 
0.5" THREAD
SPANNER MACHINE SCREW, 10-24 THREAD, 11
1
3
2
6 7
4
5
8
63
11
9
12
7
1410
11
7
1
9
3
13
8
2
3
4
5
10
BARE ANGLE L-BEAM FRAMING - LOWER LEFT
BARE ANGLE L-BEAM FRAMING - LOWER 
2010-2011
QTY. DESCRIPTION
BILL OF MATERIAL
Senior Project 
WEIGHT
SCALE 1:5
LAYOUT
DRAWN
CHECKED
APPROVED
DATE
DINING ASSISTANT
TOLERANCES
ASSEMBLY
DRAWING NUMBER 0600
SHEET 1OF 1 REV A
UNMACHINED
MACHINED
UNMACHINED ANGLES
ALL DIMENSIONS IN INCHES
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
NOTES
1
3
4
5
6
7
8
DWG #
0409
0412
ITEM
UNLESS OTHERWISE SPECIFIED
2
PART #
-
-
-
-
-
-
-
-
-
0417
0416
0415
0414
0413
0411
0410
1
2
1
2
1
1
3
1
1
MATERIAL
9
SAS
SAS
PY
JAD
N/A
N/A
N/A
N/A
0800
20418-10
20419-11
BARE ANGLE L-BEAM FRAMING - LOWER FRONT1
ALUMINUM FRAMING 
T6511
0422-14
10421-13
10420-12
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
T6511
AL 6063 
REAR LEFT
BARE ANGLE L-BEAM FRAMING - VERTICAL 
FRONT RIGHT
BARE ANGLE L-BEAM FRAMING - VERTICAL 
FRONT LEFT, VERTICAL REAR RIGHT
BARE ANGLE L-BEAM FRAMING - VERTICAL 
SHORT LEFT, VERTICAL SHORT RIGHT
BARE ANGLE L-BEAM FRAMING - VERTICAL 
GUIDE FRONT, LINEAR GUIDE REAR
BARE ANGLE L-BEAM FRAMING - BOWL REAR
BARE ANGLE L-BEAM FRAMING - LINEAR 
BOWL RIGHT
BARE ANGLE L-BEAM FRAMING - UPPER FRONT
BARE ANGLE L-BEAM FRAMING - UPPER RIGHT
BARE ANGLE L-BEAM FRAMING - UPPER LEFT
BARE ANGLE L-BEAM FRAMING - BOWL LEFT, 
REAR, BOWL FRONT, UPPER REAR
BARE ANGLE L-BEAM FRAMING - LOWER RIGHT
ALL FRAME PIECES WILL BE SPOT 
WELDED TOGETHER BY FIRST 
BOLTING CONNECTING PIECES 
TOGETHER AND THEN 
REMOVING NUTS
24
5
3
1
N/A
JAD
4
5
DWG #
2010-2011
N/A
N/A
N/A
Senior Project 
WEIGHT
SCALE 1:4
LAYOUT
DRAWN
CHECKED
QTY. DESCRIPTION
BILL OF MATERIAL
TOLERANCES
FULL ASSEMBLY
DRAWING NUMBER 0800
SHEET 1OF 1 REV A
UNMACHINED
MACHINED
UNMACHINED ANGLES
ALL DIMENSIONS IN INCHES
NEXT ASSEMBLY
FEB 01 2011
FEB 01 2011
FEB 01 2011
FEB 01 2011
NOTES
1
3
APPROVED
DATE
DINING ASSISTANT
DINING ASSISTANT 
MOTION ASSEMBLY
-0100
0500
BOWL ROTATION ASSEMBLY
FOOD GUARD ASSEMBLY
POLYCARBONATE CASING ASSEMBLY
ALUMINUM FRAMING ASSEMBLY-
-
-
-
ITEM
UNLESS OTHERWISE SPECIFIED
2
PART #
-
-
-
-
-
0600
0400
0300
1
1
1
1
1
MATERIAL
SAS
SAS
PY
LINEAR MOTION AND ROTARY SPOON 
N/A
